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Soil Detect ion Us ing Panchromatic and Infrared Films 
B .  0 .  Kunze 
ABSTRACT 
1 
Efforts have been made in the soil survey program to improve 
soil mapping quality .  Three types of aerial films were tes ted to 
determine if tonal di fferences exi st among the three film types either 
singularly or in combination which would allow di sc rimination of soil 
series wi thin a landscape acros s  several land cove rs . The tmage ry con­
sisted of panchroma tic ( 6 00-700 nm), panchromatic ( SOQ-700 nm) , and 
black and whi te infrared ( 7 0Q-900 nm). The utili ty of these film types 
for di scrimination of the component s of so il mapping unit complexe s was 
also tested . 
Differences were de tected between films in the accuracy of 
di scriminating soils due to land cover . The panchroma tic ( 60Q-700 nm) 
film appeared to be mo s t  useful in areas with no land cove r , crop resi­
due , and small grain . In areas planted to alfalfa , the greates t 
accuracy was obtained using panchromatic ( 60Q-700 nm) or ( 500-700 nm) 
film . Generally , the infrared ( 70Q-900 nm) appeared to be mos t useful 
in areas used for pas ture-where reflectance characteris tics of the 
grasses are contras ting . 
Combinations of films improve accuracy in di scrimi nating soils , 
in areas wi th no land cover and no crop residue . The combination of 
panchromatic ( 600-7 00 nm) and panchroma tic ( SOQ-700 nm) f ilms were mo s t  
useful in improving accuracy on landscape uni ts with no land cover . 
Combinat ions of the panchromatic (60Q-7 00 nm) and infrared ( 700-900 nm) 
2 
films were useful wi thin so il groupings wi th more contras t ing so il com­
ponents . Over-all accuracy in discriminating soils was greater for 
soils wi thin mapping uni ts than for landscape s .  
3 
INTRODUCTION 
The need fo r quickly obtained soil and vege tation informa tion at 
a reduced cos t  of dat a  acquisi tion has resulted in increased interes t 
in the use of remote  sensed soil and plant reflectance data . The 
spectral signature of a landscape depends on the spectral propert ies of 
the so il and plant cover present . Spectral signatures of unvege tated 
landscapes are a function of soil color , organic ma tter content , 
mineralogical compo s i tion , texture , surface structure , and mo i s ture 
content . Reflectance from vegetated landscapes is a funct ion of leaf 
s tructure , shape , siz e , and orientation; crop species , variety , 
maturi ty ,  and geome tric configuration; crop vigo r ;  soil and plant 
moisture content ; chlorophyll content ; canopy cove r ;  and background 
soil reflectance . Data obt ained using remo te sensing technique s are 
useful in di s tinguishing so il groupi�gs from one another fo r so il sur­
veys and have been used wi th limi ted success in computer assis ted soil 
mapping . Aerial phot ography wi th more contrast between so il series on 
vegetated and unvegetated landscapes would help improve the quali ty of 
and speed of producing so il survey maps .  
The objectives of this study were to ( 1 )  de termine if tonal di f­
ferences measured as film transmis sion data exi s t  among the three film 
types either singularly or in combination would allow di scrimination of 
soil series wi thin a landscape separated into several land cover types 
and ( 2) evaluate the utili ty of these film types for the di scrimination 
of the component s  of soil mapping uni t complexe s . Mos t  previous com­
parisons of panchromatic w1 th infrared films fo r so il series di scrimi­
nation in agriucltural areas were conduc ted in areas with no vege tative 
cover . 
4 
LITERATURE REVIEW 
Soil Reflectance 
Color is an easily recognizable so il characteristic . Slight 
differences in soil surface color are used in classifying soils at 
different levels of taxa ( Westin and Lemme , 1 9 7 8 ;  Lewis et al., 1 9 7 5 ;  
Soil Survey Staf f , 1 9 7 5 ) .  Unless there i s  a greater than 40 percent 
f inely divided lime in both broken and crushed sample s ,  a mo lli e epipe­
don has a Munsell color value darker than 3 . 5 moist  ( 5 . 5  dry) and 
chroma less than 3 . 5  moi s t  ( Soil Survey Staff , 1 9 7 5 )  whereas , an 
ochric epipedon has a va lue or chroma that is too high to quali fy fo r 
mollie epipedon . Munsell color notation is expressed in terms of 
hue , value and chroma (Munsell Color Company , 1 9 47 ) . Hue is the domi­
nant spectral color . Value refers to_ the relative lightness of color 
and is a function of the total amount of light . Chroma is the rela­
t ive purity of the spectral color . Soil color is a function of 
absorp tion in the vi s ible region of the electromagnetic spectrum . 
Some so ils can be dis tinguished from one another by their colo r 
and intensi ty of reflection in wavelengths senesed by the human eye . 
Addi tional information can be obtained using de tectors sensitive to 
energy reflection beyond the visible spe ct rum (Myers and Allen , 1 9 68 ) . 
The spectral reflectance of a soil surface is determined by several 
f actors including organic matter content , iron oxide content and oxi­
dation state , mineralogical composition, mois ture content , and soil 
s tructure (Myers et al . ,  1 9 66 ) .  
Obukhov and Orlov ( 1964 ) reported that minimum reflectance of 
the unv�ge tated surface soils studied was in the blue-viole t  ( 400 nm) 
portion of the spectrum. For example , reflectance in blue part 
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of the spectrum ranged from 1 3  percent fo r the A horizon of a thick 
Chernozem to 18 percent for the A horiz on of a Sod-podzoli c soil . 
Maximum reflect ion in the vi sible part of the spectrum was in the red 
( 7 00 nm) region of the spectrum . Reflectance of the same samples 
ranged from 17 percent fo r the thick Chernozem to 4 4  percent fo r the 
Sod-podzolic soil . The greatest  di fference between so ils is obs erved 
in the red region of the spectrum making it the mos t useful for 
discrimination between soils using soil reflectance data . Obukhov and 
Orlov stated that a parent material general ly has higher reflectance 
than the soil that develops in it mainly because of lack of organic 
matter accumula tion . 
Condi t ( 19 70 )  measured spectral reflectance of 1 60 s urface 
soils from 36 s tates , in the 300 to 1 000 nm wave lengths using a 
recording spectropho tome ter . Each sample was me asured at two mo i s ture 
content s :  just les s  than saturation and oven-dry . The data from 
these soils fit into three general spect ral reflectance curve shapes . 
S toner and Baumgardner ( 1981 ) found five di st inct so il spectral 
reflectance curve s when 48 5 uniformly moist  surface so il sample s were 
analyzed . The sample s ,  representing 246 soil series from 39 s tates and 
Braz il , were studi ed in the 5 20 to 2320 nm wave leng th range with a 
spect roradiome ter adapted for indoor use . These five so il spect ral 
ref lectance curve s could be di s tingui shed as having common charac­
teri s t ics , mainly organic ma t ter content and iron oxide content . Other 
6 
characteristics of ten as sociated to the reflectance curve s were tex­
ture , natural drainage , and mineralogy.  Reflectance spect ra represen­
tative of the five curve forms are illustrated by five mineral so ils in 
(Figure 1 ) . Curve ( a )  exhibi ts low overall reflectance wi th a charac­
teristic slightly concave curve from 5 00 to  1 3 00 nm . Strong wa ter 
absorp tion bands are present at 1 450 and 1 9 50 nm in this and most other 
curve forms . General ly , the soils in this curve group have greater 
than two percent organic matter , less than one percent iron oxide , good 
to poor natural drainage , fine to moderately fine textures , and mont­
moril lontic mineralogy.  Curve ( b )  typical ly has a higher over-all 
reflectance than curve ( a ) . It exhibi ts  a concave shape from 5 00 to 
750 nm wi th a convex shape from 7 50 to 1 300 nm . Soils in this curve 
group senerally have greater than two percent organic matter , less than 
one percent iron oxide , medium to coarse soil textures , good to poor 
natural drainage , and mixed mineralogy . Curve ( c )  has the highes t 
reflectance of the five mineral soils . Curve ( c )  has a convex curve 
shape from 500 to 1 3 00 nm wi th strong water absorp tion bands at 1 450 
and 1 9 50 nm . Soils in this curve group generally have less than two 
percent organic mat ter , less than one percent iron oxide , good natural 
drainage , variable soil texture , and mixed mineralogy . Curve ( d )  is 
di stinguished by a slight ferric iron absorp t ion band at 9 00 nm and 
strong water absorp tion bands at 1 450 and 1 9 50 nm . Soils in this curve 
group general ly have less than two percent organic ma t ter , one to four 
percent iron oxide , variable so il texture , good natural drainage , 
30 
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Figure 1. Representative reflectance spectra of surface samples 
of 5 mineral soils (Stoner and Baumgardner, 1981). 
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and mixed mineralogy . Curve ( e )  is unique in that reflect ance 
actually. decreases wi th increasing wavelength beyond 7 50 nm . 
Reflection decreases due to absorp tion of radiation by iron oxide . 
Absorp tion by iron oxide in the middle-infrared wave lengths is so 
s trong that the 1 450 and 1 9 50 nm wa ter absorp tion bands are nearly 
obli terated . Generally so ils in this group have varied organic matter 
content , greater than four percent iron oxide , fine textures , good 
natural drainage , and kaolini tic mineralogy .  Reflectance curve shape 
classification for surface samples of the suborders Orthents ,  
Aquolls , and Ustolls are shown in Table 1 .  
Surface organic ma t ter content strongly influences the reflec­
tance and absorp tion of solar radiant energy by so ils (Bowers and 
Hanks , 1 9 65 ) . Removal of so il organic coatings from soil minerals 
wi th 30% H202 increased the reflectance fo r all samples measured. 
Bowers and Hanks reported that 8 . 2 percent more energy was reflected 
by oxidiz ing the organic ma t ter present in a Newtonia (f ine-silty, 
mixed, thermic Typic Paleudolls ) silt loam when compared to an unoxi­
dized surface sample wi th 1 . 4 percent organic ma t ter . Latz et  al . 
( 1981 ) ;  Frazee et al. ( 19 72 ) ,  and Wes tin ( 19 7 5 )  repo rted eroded so ils 
in the field have greater spectral reflectance than noneroded so ils 
due to a decrease in organic matter and moisture content . 
Surface soil ref lectance measurements were made on a Netonia 
silt loam at gravimetric moisture contents ranging form 0 . 8 to 20 . 2  
percent ( Bowers and Hanks , 1 96 5 ) .  Soil samples were purified us�ng a 
20 mesh sei ve and packing the soil into cylinders . Reflectance 
decreased in a linear relationship as the surface mois ture content 
9 
Table 1 .  Reflectance curve shape classification for surface soil 
sample s of the suborders : Ortherts , Aquo lls ,  and Us to lls 
. ( S toner and Baumgardner , 1981 ) .  
Reflectance Curve Shape 
Suborder a b c d e Samples 
Orthent 0 8 1 2  2 0 22  
Aquolls 23 4 1 0 0 28 
Us tolls 34 20 8 2 0 64 
10 
increased at all waveleng ths . The most contras ting aerial photographs 
can be obtained at a low soil mois ture content (Obukhov and Orlov , 
1 9 64 ) . 
Many times when correlations have been found between so il 
moisture content and photo densi ty of bare soils , soil color and 
moisture content were closely related to the organic mat ter content 
(Evans , 1 9 7 9 ) . Increasing organic mat ter content is asso ciated wi th 
more so il mo i s ture and darker soil colors . This correlat ion is 
inherently due to darker colors of so ils wi th more organic mat ter , 
rather than to increase in mo i s ture content . 
Bowers and Hanks ( 19 6 5 ) measured the reflectance of clay 
minerals in the 22 to 2680 micron particle size range over the wave­
lengths of 400 to 1 000 nm . An exponential increase in reflectance was 
measured wi th decreasing particle size! The mo s t  noticeable reflec­
tance increase occured between particle sizes of 4 00 t o  2 2  microns . 
Gerbermann ( 19 7 9 ) measured reflectance of fabricated sand-c lay 
soil mixtures containing sand levels ranging from 0 t o  1 00 percent in 
the 44Q-860 nm wavelength region . The Ap horizon of a Harlingen (very 
fine, montmorillontic, hyperthermic Entic Chromus tert s ) clay so il was 
separated into sand , sil t , and clay fract ions using a di spers ing agent 
and sedimentation . The sand-c lay so il mixtures were prepared by adding 
sand to the original so il sample fo r the mixtures containing 1 0  to 90 
percent sand . The Munsell value fo r the 100 percent clay and the 1 00 
percent sand samples were 5 . 5 and 7 ,  respectively . An increase in 
reflectance result s  from an increase in percent sand in the sample at 
all wavelengths tes ted . As the sand level increased , the quantity of 
1 1  
sand required to give a significantly higher percent reflectance 
decreased . The percent reflectance for all levels of sand increased as 
wavelength increased . 
Myers and Allen ( 19 6 8 ) and Obukhov and Or lov ( 19 64 ) repo rted 
that the effect of particle size on reflectance of pulverized soil 
samples measured by a spectrophotome ter may be mi sleading . Mos t 
laboratory studies of pulverized soil indi cate that increasing par­
t icle diameter result s  in decreased reflect ivi ty . This conclus ion is 
only correct fo r laboratory di spersed soils . The artificial breakdown 
of aggregates usually results in increased reflectance due to the par­
t icles filling the volume mo re completely forming a mo re even sur face . 
However ,  in aerial pho tos , fine textured soils have a darker tone than 
coarser textured soils wi th the same organic mat ter content . MYers 
and Allen ( 1968 ) stated that reflectance measurements of undi s turbed 
soils in the field are generally opposite those me asured in the 
laboratory . 
Hovis ( 19 6 6 ) measured the spect ral reflect ance of common 
minerals in the 500 to 2500 nm wavelengths . Reflectance of silica sand 
has a linear increase from 45 to 60  percent over the wavelengths from 
500 to 1 000 nm respectively . Pure carbonate has a reflectance of 90 t o  
9 5  percent over the wavelengths of 500 t o  1 000 nm . 
Vegetation Reflectance 
The intensi ty of near- infrared radiation from vege tated sur­
faces is a funct ion of leaf shape , siz e , and orientat ion and canopy 
dens i ty ( Gates , 1 9 6 5 ) .  The spectra of a leaf is charact eriz ed by 
apsorp tion in the 380 to 7 00 nm wavelength region primarily due to 
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chlorophyll absorp t ion (Gates et al., 196 5 ;  Knipling , 1970;  Mos s  and 
Loomis , 1 9 5 1 ; Myers et al . , 1 96 6 ) (Figure 2 ) . Maximum absorp tion 
occurs in the blue and red part of the spectrum at 470 and 680 nm 
respectively . The familiar green reflectance peak occurs at 5 50 nm . 
The highes t reflection by plants occurs in the near-infrared part of 
the spectrum be tween 7 00 and 1 300 nm . Thick , heavily pigmented leave s 
show a high absorp tion across the entire vi sible spectrum ,  with 
absorp tion bands les s  clearly defined (Mos s and Loomi s ,  1 9 5 1 ) .  Yellow 
and orange leaves show greater reflectance of green light than green 
leaves .  Mean absorp tion values of 92 , 7 1 , and 84 percent were found 
for beans ( Phlaseolus vulgari s ) , spinach ( Spinacia oleracea ) ,  swi ss 
chard (Beta vulgari s ) , and tobacco (Nicot iana tabacum) leaves in the 
spectral regions of 400 to 5 00 ,  5 00 to 6 00 , and 600 to 7 00 nm respec­
t ively . The reflection of a plant cano�y is similar to that of indi­
vidual and stacked leaves but is modi fied by the non-uniformity of 
incident radiation , plant structures ,  leaf area , shadows , and 
background reflectance (Colwell , 1 9 7 4  and Knipling , 1 9 70 ) . Airborne 
sensors receive an integrated view of all these effect s .  Each crop 
tends to have a characteri s tic spectral signature which permi ts 
di scrimination between crops when signif icantly di fferent . However ,  
for grasses , one plant is frequently indi s tingui shable from others in 
the proximi ty ( Colwell , 1 9 7 4 ) . Reflectance of a grass canopy is 
dependent not only on individual plants , but also on inter-plant 
characteri s tics such as plant dens i ty and degree of leaf overlap . Red 
reflectance of grass canopies is negatively correlated to percent 
vege tative cover with light- toned soil backgrounds , but was uncorre-
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lated to percent vege tat ive cover when the grass canopies had dark 
soil background . Green reflectance is negative ly correlated wi th per­
cent vegetation cover for light colored soils and po s i tive ly corre­
lated wi th percent vegetation cover for canopies wi th dark colored 
soils . Since the near-infrared reflectance of leaves is generally 
greater than that of soi l  background , percent vege tation cover is 
pos itively correlated wi th near-infrared canopy reflectance . 
The Wills tat ter and S toll theory explains leaf reflectance based 
on the internal structure of leaves ( S inclair et al. 1 9 7 3 ) .  The theory 
hypothesiz ed that the spongy me sophyll bes t  me t  the requirements fo r 
critical reflectance due to ( 1 )  the passage of radiation from a 
material wi th a high index of refract ion to a ma terial wi th a low index 
of refraction and ( 2 )  the sufficiently large angle of incidence . Light 
not reflected at the leaf surface would travel into the me sophyll . 
The reflectance spectra from 500 to 2 600 nm were measured for 
the leaves of so ybeans ( Glycine max) , corn (Zea mays ) ,  wheat (Triticum 
aes tivum) , oats ( Arvena sativa ) , sorgum (Sorghum bicolor) , and 
sudangrass ( Sorghum sudanense ) us ing a spectrophotometer (S inclair et 
al . ,  1 9 7 1 ) . Leaf sample s were collected at three periods during the 
growing season . Water content was de termined and a cros s sect ion of 
the leaf was observed micros copically . The reflectance spectra of all 
fresh green leaves were very similar . However ,  reflect ion at all 
wavelengths increased as the crop matured and their leaves senesce . 
Decreased absorp tion of chlo rophyll apparently increased the reflec­
tance of the vi s ible wavelengths from 500 to 7 00 nm . Changes in the 
internal structure of leaves and lower moisture content caused 
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increased reflect ion in the near-infrared wavelengths ( 700 t o  1 3 00 nm) 
due to the collapse of internal leaf structures .  Water los s accom­
panying senescence result ed in an increased reflectance in the far 
infrared waveleng t hs ( 1300 to 2600 nm). 
S inclair et al. ( 19 7 3 )  measured spectral reflectance of corn and 
soybean leave s throughout the 500 to 2600 nm wavelength region. The 
two sides of the corn leaf did not di ffer significantly in spectral 
reflectance in the near-infrared region . The ventral side of the 
soybean leaf reflect ed significantly higher levels of near-infrared 
radiation than did the dorsal side . The pali sade cells contributed to 
the scattering of near-infrared radiation in dicotyledonous plants .  
Gates et al .  ( 1965 ) repo rted that plant s  abso rb light very effi­
ciently throughout the visible part of the spectrum where energy is 
used for photosynthesis . However ,  for wavelengths longer than those 
of the red chlorophyll absorp tion band , the reflectance and 
t ransmi ssion of plant leaves increase dramatically resul t ing in a low 
rate of absorp tion . This occurs precisely throughout the frequency 
range where di rect sunlight incident on plants has the bulk of its 
energy.  A fully ma ture leaf has a cell structure and intercellular 
space favorable to increased reflectance in the infrared and reduced 
reflect ance in the green part of the spectrum . Vi sible light reflec­
tance increased for light colored leave s .  
The inf ini te reflectance of dead and live corn leave s over the 
500 to 2500 nm waveband was tes ted to find a me ans of di s tinguishing 
dead from live leave s ( Gausman et al . 1 9 76) . Refl ect ance measurement s 
were made on a sing le leaf section and fo r sect ions of stacked leave s 
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over the spectropho tometers port . Inf ini te reflectance fo r live 
leaves was reached by stacking two leave s for the SOQ-7 50 nm waveband , 
eight leaves fo r the 7 50 to 1 350 nm waveband , and three leaves for the 
1 350 to 2 500 nm waveband . For dead leaves infinite reflectance was 
obtained by stacking only two or three leaves over the entire 5 00 to 
2 500 nm waveband . 
Tucker et al .  ( 19 7 9 ) collected red and near-infrared reflec­
t ance data to moni tor corn and soybean growth and development . A hand 
held radiome ter was used at a 4 to 1 2  day interval throughout the 
growing season . The red reflectance of soybeans decreased rapid ly 
wi th time because of increased chlorophyll absorp tion caused by 
increased green-leaf biomass until the bloom stage . Reflectance 
remained fairly cons tant un t il senescence began . At this time , red 
reflectance began to increase as the chlorophyll level in the plant 
canopy declined due to chlorophyll breakdown and/ or leaf los s . The 
near-infrared reflection increased with time and green-leaf biomass . 
This increase was gradual and peaked at ful l bloom then gradually 
declined as the growing season ended . The normalized di f ference 
trans fo rmation was used to effectively compensate fo r variations in 
environmental condi tions. Wi th this data plot ted agains t time , green­
leaf biomass dynamics were compared between crop s . The linear com­
binations of red and near-infrared wavelength intervals we re highly 
correlated to green-leaf biomass . The infrared/ red ratio was found to 
be more sensi tive to green-leaf biomass than to the green/ red ratio . 
The infrared/ red ratio , square root of infrared/ red ratio , infrared­
red di fference , vege tation index and trans fo rmed vege tation index were 
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s imilar in sensitivi ty to the photosynthetically active vege tation 
present in . the plant canopy ( Tucker , 1 9 79 ) . 
Soil-Plant Interac tion 
Aase and S iddoway ( 19 80 )  used a hand held radiome ter wi th wave-
bands comparable to Landsat multispectral scanner bands 4 ,  5, 6 and 7 
to measure wheat seedling canopy covers of 0 ,  1 0 ,  20 , 40 , 6 0 , 8 0  and 
1 00% . The experiment was designed to de termine if winter kill could 
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be de tected by Landsat multispectral scanner . The plo t s  were located 
on Williams ( fine-loamy, mixed Typic Ariborolls ) loam . Normalized 
difference vegetation index Vl7  • (MS S 7  - MSS S ) /MSS7 + MS S S )  wi th a 
variant of subs tituting MSS6  for MSS7 was used to illus trate crop 
canopy dif ferences . Early in the season , Vl7 separated stand of 40 
percent or more from stands of less than 40% crop cover allowing a 
-
judgement as to whe ther or not a field should be reseeded to a spring 
crop . The 10 to 20  percent stand plots became di s tingui shable from 
the soil background at a biomas s  accumulation of about 30 kg/ha or 
leaf area index of about 0 . 06 .  
Colwell ( 1 9 7 4 ) measured the reflectance of a green oats 
canopy versus a dead oat canopy with similar percent cover . 
Near-infrared hemispherical reflection for individual leave s increased 
from 47 percent for live leave s to 59 percent for dead leave s .  The 
canopy ref lec tance , howeve r ,  only changed from 3 7  percent reflectance 
for live vege tation to 40 percent reflectance fo r dead vege tation . 
Therefore , changes in near-infrared leaf reflectance versus dead 
leaves compensates for each other in their ef fect on canopy reflec-
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tance . For the same canopy , the red hemi spherical reflectance 
increased from 6 percent reflectance fo r live leave s to 56 percent 
reflectance for individual dead leaves .  The canopy reflectance 
increased from 4 percent reflectance for live vege tation to 37 percent 
reflectance fo r dead vegetation . The data indi cates that live vege ta­
t ion is easier to di s tinguish from dead vegetation using the red 
region of the spect rum than the near-infrared region of the spectrum . 
Leamer et al .  ( 19 7 8 ) fo llowed the changes in the reflectance of 
two di ssimilar wheat cul tivars (winter wheat and spring wheat ) through 
a growing season to de termine their reflectance charact eristics . 
Reflectance over the wavelength intervals of 4 50 t o  2 5 00 nm was 
measured with a ground based spectrometer on Hidalgo ( fine-loamy , 
mixed, hyperthermic Typic Calciustolls ) ,  sandy clay loam soil . All 
reflectance curve s had the characteris tic shape fo r a vege tated sur­
face 4 weeks after crop emergence and about 25% ground cover wa s  
at tained . The proportion of the ground covered by plant s  wa s  more 
important than development stages of the plant . 
Sui ts ( 19 83 ) modi fied the unifo rm  canopy reflectance mode l  to 
include row ef fec t s  using densi ty modulation in such a way as to reduce 
the row effect to the uniform canopy model as row structure di sappears 
from the canopy due to canopy closure . The direction of sunlight rela­
t ive to the row di rection will change the relative influence of vege ta­
t ion and bare soil . When the sun is di rectly along the row di rection , 
the bare so il is fully illiminated but when the sun is di rected acros s 
rows , the so il is largely in the shadow of the standing vegetation . 
Sui ts states that the red waveband , Landsat band 5,  is mo s t  sensi tive 
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to row direction because of the unusual large contras t between vege ta­
t ion and so·il . Reflection in this band may easily vary by a factor of 
two wi th changing row direction . The near-infrared bands , Lands at 6 
and 7 ,  are least affected by row di rection because of low contrast bet­
ween soil and vegetation and because of large amount of di ffuse 
radiation scat tered to soil by the vege tat ion . The impact of row 
direction and Landsat signals from across-row and down-row wheat fields 
was estimated for a 45° sun ang le . The result ing MSS 7 /MSS 5 ratio was 
2 . 0 for across-row di rection and 1 . 33 for down-row di rect ion . The 
down-row direction gives an indication of a much less vigorous growing 
field than the acros s-row di rection . 
Gausman et al . ( 19 7 5 ) measured reflectance spectra of bare 
soils and of soils wi th standing and li ttered sugarcane (Saccharum 
officinarum) res idue . Li t tered crop residue had hig her reflectance 
than bare so il , but standi ng crop residue had lower reflectance than 
bare soil . The bare soil and li t tered res idue had the same hue and 
chroma but the li ttered res idue had a slightly higher value than the 
bare soil . The spect ral composi tion of the scene viewed is a function 
of the number of shadows , the height of the standing residue, the 
amount of sunlit bare soil , and the amount of crop residue and its 
degree of decay . 
Gausman et al. ( 19 7 7 ) compared field measured spectroradiometer 
reflectances of nondisked bare soil wi th or wi thout li ttered Wheat 
straw and bare so il that was di sked di rectly or after littering of 
wheat straw . The experiment was on a Hidalgo sandy loam . The near­
infrared region ( 750 - 1300 nm) seemed better than the visible region 
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( 450 - 750 nm) fo r di s tinguishing among reflectances of so il-tillage­
s traw treatment s .  Reflectance of nondi sked bare soil and di sked so il 
with the low straw treatment were statist ically similar . 
Remote Sensing of Crops and Soils 
Soil association maps have been produced using mul t ispectral 
scanner (MSS ) data . Wes tin and Myers ( 19 7 3 )  revised the soil asso­
ciation map of South Dakota using Lands at mult ispect ral scanner (MS S )  
data . Band 5 ( 60Q-700 nm) gave the best so il contras t and clearest 
image while band 7 ( SOQ-1 100 nm) appeared most useful in detect ing 
vegetative vigo r . Shallow , les s  product ive range lands normally had a 
higher reflectivi ty than rangelands wi th deeper mo re product ive soils 
using band 7 due to a denser canopy cove r . 
Westin and Frazee ( 19 7 6 ) produced a low intens i ty so il survey 
of Penning ton County , South Dako ta using Landsat bands 4 ,  5 ,  6 and 
7 individually and as a color composite of bands 4 ,  5 ,  and 7 .  Areas 
of similar spectral characteris tics were delineated . Ground truth was 
collected on so il , vege tation , geologic features , and other surface 
features responsible fo r re flectance patterns . More so il associations 
were delineated using Landsat imagery than were delineated on the 
pre-exi sting soil association map . 
Lewi s et al. ( 19 7 5 ) used Lands at multi spect ral scanner imagery 
to develop a so il association map of the Nebraska Sand Hills . 
Relationships es tabli shed between published so il asso ciation maps and 
satelli te imagery were used to identify soil associations in an adja­
cent area wi thin the Sand Hill region . MSS band 5 and color com-
posites generated from MS S bands 4 ,  5 ,  and 6 were useful in stra­
tifying the . soil associations in the area . 
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Computer pattern recogni tion techniques were used to inve s t igate 
relationshi ps of Landsat mult ispectral data to soil patterns under 
range vegetation in a semiarid region (Kornbaum and Cipra,  1983 ) .  
Order two soil maps of the study area using eleven mapping uni ts were 
developed prior to computer analys is using conventional so il survey 
me thods . The mapping uni ts , included eight consociations and three 
complexes , were mapped at the family or soil series level .  Supervi sed 
and "cleaned" supervi sed computer assis ted clus tering methods were used 
to class i fy Landsat digi tal spectral values into the eleven po s s ible 
mapping units and produce a computer classification map . The over-all 
percent agreement wa s  32 . 8  and 46 . 5  percent fo r the supervi sed and 
"cleaned" supervised methods respectively . 
The Landsat spect ral properties were inve stigated for six soil 
as sociations in Brookings County , South Dakota (Westin and Lemme , 
197 8 ) . Landsat data for April 1 9  and June 30 were used to assess the 
inf luence of soil association on the spectral signature s  of vege tation 
and bare soil . Soil dif ferences had a more pronounced influence on 
s pect ral properties wi th grassland than wi th cropland . The June data 
showed that so il associations could not consis tantly be separated but , 
that soil properties did influence vege tative spect ral reflectances to 
some degree . A wide range in MSS band 5 values indi cated that pho to­
synthesis varies greatly wi thin the grassland da ta . Grassland in poor 
condi tion due to over graz ing and stress would have a higher reflec­
tance than grass growing under normal condi tions . Wes tin and Lemme 
were able to identify four soil associations within the June Lands at 
data on corn . wi th an overall accuracy of 70  percent using a K-class  
computer program . 
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Kumar and S ilva ( 19 77 ) used airborne multispectral scanner data 
obtained on July 16 and Augus t 12 to de termine statis tical separabili ty 
o f  corn , soybeans , green forage ( hay and pasture ) ,  and fo res t .  Over-all 
separability of green forage from the other agricultural cover types 
was found to be lower than separability of corn , soybeans , and fo res t 
because much natural va riability exi s ted in the spectral charac­
teris tics of hay and pas ture . Green fo rage and corn were ext reme ly 
hard to separate using the July 1 6  data because of considerable overlap 
in the values of their me an response due to the extremely large stan­
dard deviation of the green forage reflectance . The greates t over-all 
separability of agricultural crops using a single waveband was achieved 
using the red ( 60Q-700 nm) waveband . This may be due to signi ficant 
differences in the chlorophyll content of di fferent agr icultural crops . 
The reflectance in the near-infrared region is most useful when 
subs tantial di fference in percent ground cover exi s t  between agr i­
cultural cover types . 
An airborne mult ispectral scanner with eleven wavelength bands 
was used as an aid in a de tailed soil survey area wi th Molli so ls 
and Alfisols (Kr istof and Zachary , 1 9 7 4 ) . The study area consi s ted of 
Wiscons in age glacial til l , outwash , and eolian depo s i ts . Bare so ils 
on four test sites were classi fied us ing computer-implemented pat tern 
recogni tion technique s . Reference training samples were select ed on 
the basis of a conventional so il survey map and were used to classify 
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the remaining par t  of the test area . Mapping of soil fe atures using 
multi spect ral scanner data was only partially success ful because soil 
s eries are conventionally di fferentiated by both surf ace and subsur­
face properties . Further di fficulty was encountered in at tempt ing to 
map a soil series in one tes t area using training samples from another 
test area separated by only a few kilometers . These di f ficulties 
could have been due to di fferences in illumination at the two so il 
test areas , di fference s  in surface roughness , sur face textur e , or sur­
face color , ad justments in inst rumentation during da ta co llection ,  or 
other factors . A ratio of vi sible to infrared response appeared to 
have addi tional utility in characterizing the spect ral properties of 
soils . 
Kristo f  and Baumgardner ( 19 7 5 ) used computer aided da ta 
processing technique s to separate Argiaquolls from Ochraqualfs in a 
corn field from seeding to maturity . Reflect ivi ty measurements 
collected using an airborne multispect ral scanner in the orange por­
t ion of the spectrum were used fo r grouping May and June da ta into 
seven di fferent so il classes according to their spect ral response . 
The computer produced spectral patterns had striking similarity to so il 
patterns on aerial photography . Soil patterns became les s  distinct as 
the season progressed due to masking of the crop canopy .  
Hoffer e t  al .  ( 19 66 ) ,  using airborne multispectral senso r data, 
revealed crop species and variety, relative maturity, percent canop y 
cover, and geometric configuration of the crop, of ten cause significant 
tonal variations in portions of the electromagnetic spe ctrum . 
September imagery was used in the study of crop identif ication and con-
24 
di tion on a light colored highly reflective soil . At thi s date , corn 
was dry and · had a spect ral resonse similar to that of wheat stubble 
over the 400-900 nm waveleng ths . Alfalfa (Medicago sativa )  had a 
higher reflectance in the 7 00 to 9 00 nm region than corn , bare soil , 
or wheat stubble due to the high reflectance of most healt hy green 
vegetation in this part of the spectrum . Alfalfa had a lower reflec­
tance than bare so il , corn or wheat stubble in the vi s ible port ion of 
s pectrum due to chlorophyll absorp tion . More of the so il· reflectance 
s ignature was present in late planted corn than early planted corn due · 
to  a lower canopy densi ty of the late planted corn . Although a dense 
vegetation may mask soil surface reflectance properties , di fferences 
among so ils tend to influence the spectral signature of the crop 
canopy (Westin and Lemme , 1 9 78 ) . 
The Soil Conserva tion Service utilizes high alt i tude panchroma­
tic pho tography contracted by the Uni ted S tates Geological Survey as a 
base map for soi l  surveys (Miles Smalley , South Dako ta State Soil 
Scientist , Soil Conservation Service , personal communication) . The 
specif ications require a film comparable to Kodak Plus-X Aerographic 
( 2 402 ) or Double-X Aerographic ( 2405 ) f ilms ( Uni ted S tates Geological 
Survey , Topographic Division , 1 9 7 9 ) . A minus-blue glass filter is 
used wi th panchroma tic emuls ions . 
Panchromatic and color infrared photographs we re taken in Spink 
County , South Dako ta on six different da tes during the 1 9 7 0  growing 
seaso n :  May 1 4 ,  June 2 5 , July 21 , August 1 2 ,  September 1 0 ,  November 5 
(Frazee et al. , 1 9 7 2 ) . The so il pat terns were mos t clearly represented 
on the May pho tography . The field was planted to spr ing wheat which 
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was 5-1 0  em high . The light tones were severely eroded areas whereas 
the darkest .tones -were areas wi th wetness limi tations . By the June 2 5  
flight the wheat was full height and the surface soil pat tern wa s  
almo s t  completely masked . After harvest , the soil pat tern was masked 
by standing wheat stubble . 
Specht ( 19 7 0 )  compared Kodak Infrared Aerographic film ( 2424 ) 
and panchromatic Plus-X ( 2402 ) pho tographs of scenes taken unde r clear 
versus hazy atmospheric condi tions . Specht repo rted that unde r �s t 
atmospheric condi tions , haze penetration was considerably greater using . 
infrared film than panchromatic film because of les s  scat ter of the 
infrared radiation than radiation of the visible part of the spectrum . 
The infrared film had a great er pho tographic range in each set of pho­
tographs than the panchromatic film especially under hazy condi tions . 
Infrared film enhanced the contrast between di s tant object s ,  which 
contributes to the improvement in range . The contras t be tween water 
and growing vege tation was much greater on the infrared film than on 
the panchromatic film . 
Multi band aerial photography using panchromatic film filtered 
with a Wratten 47B fil t er , a Wrat ten 6 1  f ilter , and a Wrat ten 7 2A 
f il ter was used to obtain the blue , green and red port ions of the 
spectrum respectively ( Evans , 19 79 ) . Contras t between a dark colored 
valley floor soil and a light colored chalky so il on aerial pho tos was 
greatest on the panchromatic pho to fil tered fo r the red po rtion of the 
spec trum. Tonal contrast was reduced as aerosol  content increases . 
Pho tos taken at shorter waveleng ths were more affected by scat tering of 
light by aeroso ls than pho tos taken at longer wave leng ths . Light is 
' 
scattered proport iona tely and inversely to the fourth po wer of the 
wavelength . ·Tnis Ray leigh-type scat tering dominates at wave leng ths 
shorter than 500 nm . Pho tos exposed in the blue waveband of ten have 
li ttle tonal contrast . 
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Benson ( 19 7 3 ) and Frazee et al . ( 19 72 )  utilized 4 di f ferent film 
filter combinations to record the vi sible and near infrared portions of 
the spectrum . A four camera set up was used to allow comparisons that 
would determine the be s t  spect ral range for de tect ing so il limi tations 
in S pink County , South Dako ta . A comparison of the films indi cated 
that the black and white ( 2402 ) film wi th the red (Wrat ten 25A) f ilter 
had the greates t contrast and the widest  tonal range but the black and 
white (Kodak 2402 ) f ilm wi th the green (Wratten 58 ) filter seemed to 
contain the middle range of densi ties making it more aes thetic to view . 
O f  the black and white pho tographs tested , - the soil pat terns were 
always observed easiest on the panchromatic film filter fo r the red 
portion of the spectrum . The black and white infrared Kodak ( 2404 ) 
f ilm using a deep red (Wrat ten 89B)  filter did not contain more so il 
information than the other black and whi te films . The color inf rared 
(Kodak 2443 ) film wi th Wratten G1 5 and 3 0M filters was easiest to view 
and contained the mos t so il info rmation . Because the film is made up 
of  three layers sensi tive to green , red , and infrared radiation , the 
film can be filtered to yield each of the bands withou t regard fo r di f­
ferences in processing and expo sure . 
The accuracy of panchromatic , infrared , color and color infrared 
photographs were evaluated in mapping so il and terrain featur e s  of 
fores ted mountain slopes and valleys in Bri tish Columbi a ,  Canada 
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(Valentine et al . ,  1 9 7 1 ) .  Soils were classif ied at the subgroup leve l 
of the Canad.ian soil classification sys tem .  Mapping unit s  we re deli­
neated wi th an overall accuracy of 7 2  percent fo r the panchromatic , 7 8  
percent for the color infrared , 7 9  percent fo r the black and wh i te 
infrared , and 8 0  percent fo r Ektachrome color photography . Ektachrome 
color pho tography wa s  mos t useful in delineat ing mapping uni ts on the 
mountain slopes attaining an accuracy of 8 4  percent . In the va lleys , 
the black and white infrared photographs were mos t useful at taining an 
accuracy of 80 percent . Contras ting moisture levels in the ou twash and 
deltaic sand , marine clays , and alluvial silts were more apparent on 
the black and white infrared pho tography . 
Frazee et . al . ( 19 7 2 ) used panchromatic , infrared , and color 
infrared photography to determine their usefulness in making and 
updating soil and range inventories in an area dominat ed by range land . 
Kodak Plus-X Aerographic ( 2 402 ) film wi th a Wratten 58 f ilter was used 
to obtain the green po rtion of the spectrum. Plus-X film wi th a 
Wratten 25A filter was used to obtain
-
the red portion of the spectrum .  
Kodak Infrared Aerographic film wi th a Wratten 8 9 B  fil t er wa s  used to 
obtain the near infrared portion of the spectrum . Kodak Aerochrome 
Infrared (2443 ) f ilm wi th a Wratten 1 5G and CC30M filt ers was used to 
obtain the green , red , and near-infrared portions of the spect rum . 
June and Augus t imagery were more useful than imagery obtained in 
October . General pat terns of soils were di splayed on the panchromatic 
and color infrared pho tography . The black and whi te infrared film had 
li ttle contras t excep t fo r drainage ways and depres sions which had mo re 
actively growing vege tation . For rangeland so il mapping , the color 
infrared film correla ted more closely .to actual soil boundaries than 
the panchromatic or black and white infrared films . 
28 
MATERIALS AND METHODS 
Data Collection 
Panchromatic ( SOQ-700 nm) , panchromatic ( 60Q-700 nm) ,  and 
black and white infrared ( 7 0Q-900 nm) photography we re collect ed on 
May 1 1 , 1 9 7 6  from an area of Turner County , South Dako ta . A plane , 
equipped wi th three matched 7 0  mm Hasselblad cameras wi th a 1 5 . 24 em 
focal leng th , was flown at an alt itude of about 3033 me ters . The 
cameras were mounted on a frame for simult aneous photography of the 
same area with each type of film . The photography was taken be tween 
1 0 : 00 A .  M.  and 3 : 00 P .  M. and consisted of six north-south flight 
' 
l ines across the county . Sixty percent overlap was allowed fo r 
29 
s tereoscopic coverage . The fl ight li ne lengths ranged from 3 2  f rame s 
to 43 frames . Prints at a scale of 1 : 20 , 000 were made from the nega-
t ives fo r field use . 
The panchromatic ( 60Q-700 nm) was obtained using Kodak Plus-X 
Aerographic (2402 ) film wi th a Wrat ten 25A filter to record dominately 
orange and red waveleng ths (Eas tman Kodak Company , 1970 , Eastman 
Kodak Company , 1 9 72a , and Eastman Kodak Company , 1972b ) . The panchro-
matic ( 500-700 nm) was obtained us ing Kodak Plus-X Aerographic ( 2402 ) 
film wi th Wratten HF3 and HF4 f ilt ers to record dominately the green , 
yello w ,  orange , and red part of the elect romagnetic spectrum . Kodak 
Infrared Aerographic 2424 f i lm wi th a Wrat ten 8 9B filter was used to 
represent only the near- infrared ( 7 0Q-900 nm) po rtion of the spe ctrum . 
Transmission da ta from the f ilm nega tive s was obt ained using a 
Macbeth Spo t  Densi tome ter Model TD-404 wi th a reso lution of 1 mm .  
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Through the use of the spo t densi tome ter the gray tones on the film 
negative s in the selected tes t  locations were converted to a rela tive 
digi tal format . Representative tes t locations were selected wi th an 
addi tional requirement that each tes t area have a uniform tone 
exceeding 1 mm in diame ter . The po ints were marked on one set of 
prints to aid in finding the location on the negative s of each film 
type . An example of the da ta po ints on prints of each type of film is 
shown on Figure 3 .  The da ta po int size equivalent to 1 mm on the 
negative would be about 2 . 5 mm in diame ter on Figure 3 .  The site 
information for the same da ta po int are recorded on Table 2 .  The 
correlated mapping uni t and soil was recorded for each da ta po int from 
the Turner County Soil Survey ( Kunze , 1982 ) .  The soil series wi thin 
the mapping uni t was de termined using photo interpretation procedures . 
The soil map from the Soil Survey of Turner. County , South Dako ta fo r 
the area on Figure 3 i s  shown on Figure 4 .  The surface cove r was 
recorded for each data po int utilizing crop history fo r 1975 and 1 9 7 6  
obt ained from Agricultural S tabiliza t ion and Conservation Service , 
ground truth of the tes t area , and pho to interpretation using the tes t 
imagery . All of the transmi ssion measurements were made on one roll 
of film first than measurements were made of the same point s of the 
other film types . Calibration of the dens i tome ter was checked fre­
quently . 
The mapping uni t ,  soil series , and land cover were coded and 
punched on computer cards along wi th the digi tal transmi ss ion values 
from the spo t  dens i tome ter fo r each film type (Appendix A) . The da ta 
F igure 3 .  Example of da t a po i n t s on pr i n t s  from the nega t ive s tha t 
the trans mi s s i o n  da ta wa s co l le c t ed : ( a )  Panch r oma t ic 
( 60Q- 7 00 nm) , ( b )  P a nch r oma t ic ( SOQ-7 00 nm ) , and ( c )  
I nf rared ( 7 0Q-900 nm) . 
( a )  Pa nch romd t l c ( 600-700 nm) 
·. -� ... --·-
( b )  Panch roma t ic ( SOQ-7 00 nm) 
3 1  
Figure 3 .  ( cont inued ) 
( c )  I n f r a red ( 7 0Q-900 nm) 
Data po i n t s  are loc a t ed i n  t h e cent e r  of each ci rcle . The le t ters 
r e f e re nce the da t a  po i n t s  to po i n t  i n f o rma t ion on Table 2 .  
3 2  
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Table 2 .  Site informa tion and transmi ssion da ta collected for the 
data po ints on Section 32 , Township 1 00 North , Range 53  Wes t  
( Figure 3 ) . 
Transmi ss ion Data 
Data Filmt Map 
Point 1 2 3 Unit§ Soil Land Cover 
a 140 128 104 23 E than Small Grain 
b 155 139 107 23 Betts  Small Grain 
c 1 29 1 20 70 14 Ethan No Cover 
d 1 10 102 60 14 Clarno No Cove r 
e 133 122 77  14  E than No Cover 
f 127  121  81 14  Clarno No Cove r 
g 141 1 29 92 14 Clarno Crop Residue 
h 155 142 105 14  E than Crop Residue 
i 1 18 1 1 5  132 23 E than Pas tur e 
j 127  120 1 15 23 Betts Pas tur e 
k 120 1 1 4  93 9 Bonilla Small Grain 
1 1 28 120 95 9 Clarno Small Grain 
m 93 1 00 140 9 Bonilla Alf alfa 
u 100 106 131  9 Clarno Alf alf a 
0 105 128 1 14 9 Clarno Small Grain 
p 131  1 25 1 15 9 Bonilla Small Grain 
tFilm combination 
1 Panchroma tic ( 60Q-700 nm) 
2 Panchroma tic ( 50Q-7 00 nm) 
3 Infrared ( 7 0Q-900 nm) 
§Mapping Uni t  
9 Clarno-Bonilla loams , 0 to 2 percent slopes 
14 Ciarno-E than loams , 5 to 9 percent slopes 
23 Ethan-Bet ts loams , 6 to 1 5  percent slopes 
Figure 4 .  Soi l  map of Sect ion 3 2 , Township 100 North , Range 5 3  Wes t  
(Kunze ,  1982 ) .  
SOIL LEGEND 
Cc Chaska loam , channeled 
ChA Clarno-Bonilla loams , 0 to 2 percent slopes 
ChB Clarno-Bonil la loams , 1 to 6 percent slopes 
CoB Clarno-Ethan loams , 2 to 6 percent slopes 
CoC Clarno-Ethan loams , 5 to 9 percent slopes 
Cr Cros splain clay loam 
DaA Davi s loam , 0 t o  2 percent slopes 
DeA Delmont-Ene t  loams , 0 to 2 percent slopes 
DeB Delmont-Ene t loams , 2 to 6 percent slopes 
EsD Ethan-Betts  loams , 6 to 1 5  percent slopes 
Te Tetonka silt loam 
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Figure 5 .  
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Soils on steeper slopes and knolls formed under mi d  grass 
prairie vege tation including li t tle blues tem , sideoats gramma 
( Bouteloua curtipendula )  and needleandthread (Stipa comata ) .  Much 
rainf all is los t due to runof f .  Range product ion was le s s ;  therefo re , 
less organic ma t ter was returned to the so il . 
The climate cons i s t s  of warm summe rs with frequent hot spells 
and very cold winters wi th frequent surges of arctic air . The to tal 
average precipitation at Marton , Sou th Dakota is 60 . 2  em wi th abou t 7 5  
percent falling between April and S ep tember (Kunze ,  1982 ) .  In the 30  
days prior to the da te of  the aerial photography , 5 . 08 em of rain fell 
alt?ough none fe ll in the 8 days before the photography was taken . 
Daily high temperatures averaged 1 7 0  C and the daily low temperatures 
averaged 3° C in the same 30  day period . 
The classification of the dominant soil series of the area is 
shown in Table 3 ( Soil Survey Staf f ,  19 7 5  and Soil Survey Staf f ,  
1982 ) . Soil characterist ics af fect ing reflection of the so il series 
in the study area were taken from the Soil Survey of Turner County , 
South Dakota (Kunze , 1 982 ) and are li s ted in Table 4 .  
Ground Truth 
Ground truth was collected on May 1 4 ,  1976  of a transect 
through the study area . Fred c .  Wes tin , South Dakota S tate 
Univers i ty ,  and Dennis M .  Heil , Soil Cons erva tion Service , made obs er­
vation of amount and cond i t ion of gr ound cover present . 
At the time that pho tography w.a s  collected , many fields had no 
land cover in preparation fo r planting of corn and soybeans . Some 
Table 3 .  Classification of the major so ils in the study area (Soil 
Survey Staff , 1 9 82 ) . 
Soil Classification 
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Bet ts fine-loamy , mixed ( calcareous ) , me sic , Typic U s torthents 
Bonilla fine- loamy , mixed , mesic , Pachic Haplustolls 
Clarno fine-loamy , mixed , mesic , Typic Haplustolls 
Crossplain fine , montmorillonitic , me sic Typic Argi aquo lls 
Davison fine-loamy , mixed , mesic , Aquic Calciustolls 
E than fine-loamy , mixed , mesic , Typic Calciustolls 
Tetonka fine , montmorilloni tic , me sic , Argiaquic Argialbolls 
Worthing fine , montmorillonitic , me sic , Typic Argiaquo lls 
Table 4 .  
Soil 
Series 
Be t t s  
Bonil la 
Clarno 
Cros s plain 
Davi son 
E t han 
Te tonka 
Wo rthing 
Soil characteris tics affect ing spectral reflectance (Kunze , 
1 982 ) . 
Dominant 
Munsell Colors Organic Drainage Landscape 
Dry Moi s t  Mat ter % Cla s s  Pos i t ion 
10YR 4/2 10YR 2/2 1 - 3 Wel l  Shoulde r  
10YR 3/ 1 10YR 2/ 1 4 - 6 Moderately we l l  Foot sl ope 
10YR 3/ 1 10YR 2/ 1 2 - 4 Well Back slope 
10YR 4/ 1 10YR 2/ 1 3 - 6 Somewha t poorly Foot slope 
10YR 4/2 10YR 3/2 2 - 4 Moderately we l l  Back slope 
10YR 4/2 10YR 3/2 1 - 3 Well Shou lder 
10YR 4/1 10YR 2/ 1 4 - 8 Poorly Toe slope 
10YR 3/1 10YR 2/ 1 4 - 8 Very poorly Toe slope 
Soil 
Texture 
Loam 
Loam 
Loam 
Clay loam 
Loam 
Loam 
S ilt loam 
S ilty clay 
loam 
w 
\0 
fields were plowed in the fall while other fields were spring plo wed 
or spring disked . The amount of crop residue on the surface was 
generally smal l .  Mois ture content of the surface varied due to the 
time of the last tillage as we ll as the soil characteris tics . 
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Some fields were covered by crop residue from the previous crop 
year . The residue consisted mos tly of corn , soybean , or small grain 
residue . Some fields covered wi th soybean res idue were included wi th 
the fields wi th no land cover because the amount of residue was small . 
The alfalfa crop wa s  growing vigorously on the day the pho­
tography was flown . The alfalfa ranged from 1 5  to 20  em in height . 
Pas tures in the study area are dominantly introduced species of 
cool season grasses and warm season native grasses . The cool season 
grasses generally were 5 to 13 em tall . The cool season gras s com­
ponent of the native pastures were beginning to grow and were 2 to 8 
em tall . The warm season species were generally dormant . Some 
pastures were being grazed . 
O ther areas were planted to small grains . The major small 
grains grown in the area are oats , wheat , and barley (Hordeum 
vulgare ) .  The seedbed preparat ion generally consi s ted of di sking or 
plowing and di sking . The amount of crop res idue on the surface varied 
dependi ng on the previous crop and the me thod of seedbed preparation . 
At the time of aerial pho tography mos t small grain was 5 to 8 em tall . 
On nearly level landscapes , many areas of crop land were fall 
plowed . The main crop ro tat ion in the area is  corn-soybeans . Many 
f arms in the area have small fields of alfalfa . 
On undula ting landscape s , mo re residue was left on the sur f ace 
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due to less fall til lage to control so il eros ion . Crop ro tations have 
more close gr.own crops such as pas ture , alf alfa ,  and small grain than 
the nearly level landscapes .  
Mos t areas of Bett s  soil tended to be in clos e grown crops of 
pas ture and small grain due to slope . Worthing and Tetonka soils 
tended to be fall tilled in areas planted to crops . These so ils dry 
slo wly due to their depressional setting and are planted late to corn 
and soybeans . Alfalfa wi l l  not survive in undrained areas of Tetonka 
and Worthing soils due to we tnes s . 
Data Analysi s  
S tatis tics of mean , standard deviation , standard error , minimum 
value , maximum value , and coeff icient of variabili ty for each film by 
cover and soil were calculated {Appendix B ) . Discriminate analys is was 
used to analyse data wi th one cla ss i f ication variable and seve ral con­
t inuous variable s ( S tatistical Analys is Sys tems , 19 82 ) .  The purpos e  
of di scriminate analys is i s  t o  find a subset of variables that bes t  
reveals dif ferences among the cla sses , o r  to find a rule for placing 
observations into the classes from knowledge of the continuous 
variables . In thi s thesis , two di sc riminate analysis subrou tines were 
utili zed . 
STEPDISC Subroutine 
The STEPDISC subrou t ine was utilized to try to find a subset of 
variable s that bes t  reve als di f ferences among the so il classes . The 
data for each landscape ( near ly leve l and undulating ) and each mapping 
uni t complex was stratified as to land cover because of the di f ferent 
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spectral properties associated wi th each land cove r type . Complexe s 
consist  of two or mo re dis s imilar taxa components or miscellaneous 
areas occuring in a regular ly repeating pattern . Discriminate analy­
s is was performed on each soil cover grouping using transmi ssion da ta 
f rom the three film type s . The STEPDISC procedure is mo s t  appropriate 
for approximately normally di s tribu ted data . 
The STEPDISC procedure performs a stepwi se di scriminant 
analysis by forward and backward selection to select a subset of quan­
t i tative variable s that produce a good di scrimination model . The 
groups are assumed to be mul tivariable normal wi th a common covariance 
matrix . 
Film variables were chos en to enter or leave accordi ng to 
the signif icance leve l of an F tes t from an analysis of covariance , 
where the film variable ( s )  already chos en act as covariates and the 
f ilm variable under cons ideration is the dependent variable . 
I f  a model is desired that provides the bes t  di scrimination using the 
sample es timate , the data analyst need ony guard agains t es timat ing 
more parame ters than can be reliably estimated wi th a given sample 
s ize . In this case , a signif icance leve l of 0 . 1 5 was used fo r entry 
into the mode l and 0 . 05 to stay in the model . Increasing the sample 
s ize tends to increase the number of variables selected . 
S tepwi se select ion begins with no film variables in the di sc ri­
minant model . At each step , if a film variable already entered at the 
0 . 1 5  significance leve l fails  to meet the 0 . 05 signif icance leve l to 
s tay ,  the film variable is removed . Then the film variable that 
contributes most to the di scriminatory power of the mode l (as measured 
by Wilks ' lambda ) is  entered . When all variables in the model meet 
the 0 . 05 significane level to stay and none of the other film 
variables meet the 0 . 05 s ignificance level to enter , the stepwi se 
selection process stops . An example of the STEPDISC procedure is in 
Appendix C . 
DISCRIM Subroutine 
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After selection of a subset of variables wi th STEPDISC , the 
DISCRIM subroutine was used to obtain mo re de tailed analysis . The 
DISCRIM subroutine was used to evaluate the subset of film va riables 
that  bes t  revealed the di f ference among the soil classes from the 
STEPDISC subroutine . The DISCRIM procedure computes linear or quadra­
tic di scriminant func t ions for classifying observations into two or 
more so il groups on the basis of one or mo re numeric film variables . 
DISCRIM develops a di sc riminant model to clas sify each obs erva tion 
into one of the so il groups . Each observation is placed in the so il 
group from which it has the smallest generali zed squared di stance . 
The di s tribution wi thin each group should be approximately mult i­
variate normal . The di scriminant model is de termined by generali z ed 
squared di s tance . The di scriminant model can be based on either indi­
vidual wi thin-group covariance ma trices or the pooled covariance matrix 
taking into account the proportional pr ior probabili ties of the so il 
groups . DISCRIM tes t s  the homogene i t y  of the wi thin-grou p covariance 
matrices . The results of the tes t de termine whether the di scriminant 
model is based on the wi thin-group covariance ma trices or the po oled 
covariance ma t rix . An example of the DISCRIM procedure is in Appendix 
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D .  The posterior classification of the soils wi thin each soil / cover 
group for the film variable s selected using the STPEDISC subroutine is 
shown in Appendix E .  
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RESULTS AND DISCUSSION 
Stepwise Discriminant Analysis 
Wi thin Each Soil Grouping wi th No Land Cover 
Stepwise di scriminant analysis was attempted on each so il 
grouping stratified as to land cover to try to find a subset of films 
that  bes t  reveals dif ferences among the soils (Table 5 ) .  The panchro-
matic ( 6 0Q-700 nm) (1) film revealed the greatest di fference among the 
eo· 
soils in areas wi th no land cover using a single film wi thin each soil 
grouping wi th the excep tion of soils wi thin the Clarno-C ros s plain-
Davison complex . Wi th one exception , the di f ference among so il 
transmission means wi thin a single film was greatest us ing the 
panchromatic ( 60Q-700 nm) film on groupings wi th no land cover (Tables 
6 ,  7 ,  8 ,  9 and 10 ) .  The means of the Clarno , Cros s plain , and Davi son 
soils wi thin the Clarno-C ros splain-Davison complex were a grea ter 
distance apart using the panchroma tic ( 60Q-700 nm) film than the 
panchromatic ( 50Q-700 nm) film .  However ,  the " total sample standard 
deviation was 10 . 4  for the panchromatic ( 600-700 nm) film compared to 
6 . 2 for the panchromatic ( 500-7 00 nm) film result ing in a higher ini­
t ial entry r2 value fo r the panchromatic ( 500-700 nm) ( 2 )  f ilm (Ta ble 
5 ) . The greater di s tance between transmission means of the panchroma-
t ic (600-700 nm) than the panchromat ic ( SOQ-7 00 nm) f ilm is agreement 
wi th the findings of Obu ko v and Orlov (19 6 4 ) ,  who found tha t in the 
visible spectrum the grea test di fference among unvege tated so ils is 
observed in the red portion of the spectrum ,  making it mo s t  useful for 
discrimina ting among so ils using so il reflect ance da ta . Reflect ion di f-
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Table 5 .  Film variables entered and coefficient s of de termina tion 
us ing s tepwi se discriminant analysis of soils wi thin soil 
groupings by land cove r . t 
C larno-
Nearly Clarno- Clarno- C ros s plain 
Land Undulat ing Level Bonil la E than Davi son 
Cover Landscape s  Landscape s  Complex Complex Complex 
No Cover 1
�
2 , 3  ( 11 1 ) 1 § 1
�
2 ( 1 1 5 ) 1 ( 78 )  1 ( 64 )  2 ( 24 )  
r • . S O** r • . 29** r2 - . 10** r2 - . 30** rl - . 48** 
Crop Resid ue 1
�
3 ( 36 )  1 ( 34 ) 1
�
3 ( 17 ) 
r • . 5 1** r2 - . 14* r 
• 
. 48** 
Alfalfa 2 ( 33 )  1 ( 43 )  ns ( 20 )  2 ( 26 )  1 ( 25 )  
r2 - . 24** r2 • . 25** r2 - . 18* r2 
• 
. 54** 
Pas ture 3 ( 48 )  ns ( 18 )  
r2 
• 
. 21** 
Small Grain 1 ( 86 )  ns ( 62 )  1 ( 42 ) 
r2 - . 33** r2 - . 23** 
--- Not evaluated 
t Film variable s were entered in the orde r li s ted . 
§ Numbers in parenthesis refer to the total number of obs erva tions wi thin 
the grouping . 
I Films 
1 Panchromatic ( 60D-700 nm) 
2 Panchromatic ( 500-700 . nm) 
3 Infrared (70D-900 nm) 
ns 
• 
No t signif icant at 0 . 05 level . 
* 
• 
Signif icant at 0 . 05 level . 
** 
• 
Signif icant at 0 . 01 level . 
Table 6 .  Number of observations , mean , and standard deviation of 
film transmi ssion data by cover and soil on undula ting 
landscapes . 
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Film 
No . of 
Observations 
Transmi ssion 
Mean 
S tandard 
Deviation 
--------------------------No Cover--Bonil la---------------------------
Panchromatic ( 600-700 nm) 1 2  1 1 3 . 0  7 . 6 
Panchromatic ( 50Q-700 nm) 1 2  102 . 2  7 . 6  
Infrared ( 70Q-900 nm) 1 2  72 . 5  10 . 4  
---------------------------No Cover--C larno---------------------------
Panchromatic ( 60Q-700 nm) 41 116 . 2  10 . 5  
Panchromatic ( 50Q-700 nm) 4 1  105 . 0  9 . 7 
Infrared ( 7 00-900 nm) 41  79 . 5  1 2 . 9  
---------------------------No Cover--E than----------------------------
Panchromatic ( 60Q-700 nm) 47 130 . 2  1 4 . 2  
Panchromatic ( 50Q-700 nm) 47 1 1 6 . 9  1 2 . 3  
Infrared ( 7 0Q-900 nm) 47 87 . 0  1 1 . 7  
--------------------------No Cover--Wor thing--------------------------
Papchromatic ( 6 0Q-700 nm) 1 1  101 . 6  9 . 7  
Panchromatic ( 50Q-700 nm) 1 1  99 . 6  1 0 . 1  
Infrared ( 7 0Q-900 nm) 11 66 . 2  1 2 . 1  
------------------------C rop Residue--Bonilla-------------------------
Panchromatic ( 6 0Q-7 00 nm) 9 1 3 1 .9  6 . 0 
Panchromatic ( 500-700 nm) 9 1 17 . 8 5 . 9 
Infrared ( 7 0Q-900 nm) 9 88 . 7  8 . 1  
-----------�------------C rop Residue--Clarno--------------------------
Panchromatic ( 60Q-700 nm) 17  134 . 1  9 . 8 
Panchromatic ( 500-700 nm) 17 119 . 2  8 . 9  
Infrared (70Q-900 nm) 17 88 . 5  1 0 . 4  
-------------------------C rop Residue--E than--------------------------
Panchromatic ( 60Q-700 nm) 10 148 . 9  1 4 . 7  
Panchromatic ( 50Q-700 nm )  1 0  130 . 4  1 3 . 0  
Infrared ( 7 00-900 nm) 10 98 . 7  1 4 . 1  
---------------------------Alfalfa--C larno----------------------------
Panchromatic ( 600-700 nm) 13 83 . 6  1 4 . 5  
Panchromatic ( 50Q-700 nm )  13 87 . 2  8 . 9 
Infrared ( 700-900 nm) 13 124 . 5  17 . 5  
---------------------------Alfalfa--E than-----------------------------
Panchromatic ( 60Q-700 nm) 20 97 . 1  1 4 . 8  
Panchromatic ( 50Q-700 nm )  20 98 . 3  1 0 . 4  
Infrared ( 7 0Q-900 nm) 20 125 . 4  17 . 3  
---------------------------Pasture--Clarno----------------------------
Panchromatic ( 60Q-700 nm) 9 109 . 7  6 . 7 
Panchromatic ( 50Q-700 nm) 9 102 . 8  6 . 2  
Infrared ( 7 00-900 nm) 9 114 . 2  17 . 8  
---------------------------Pasture--Ethan-----------------------------
Panchromatic ( 600-700 nm) 17 115 . 2  9 . 6 
Panchromatic ( 500-700 nm) 17 108 . 3  7 . 4 
Infrared ( 700-900 nm) 17 119 . 2  10 . 6 
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Table 6 -- continued . 
Film 
No . of 
Observations 
Transmi ssion 
Mean 
S tandard 
Deviation 
--------------------------Pas ture--Worthing---------------------------
Panchromatic ( 60Q-700 nm) 1 2  1 1 2 . 0  19 . 8  
Panchromatic ( SOQ-700 nm )  1 2  106 . 5  16 . 2  
Infrared ( 7 0Q-900 nm) 1 2  98 . 8  17 . 4  
--- -----------------------Pas ture--Bet ts-----------------------------
Panchromatic ( 60Q-700 nm) 10  1 17 . 7  1 1 . 3  
Panchromatic ( SOQ-7 00 nm )  1 0  1 10 . 7  9 . 9 
Infrared ( 7 00-900 nm) 1 0  1 17 . 4 1 1 . 0  
------------------------Small Grain--Bonilla--------------------------
Panchromatic ( 60Q-700 nm) 13 1 14 . 2  1 2 . 1  
Panchromatic ( 500-700 nm) 13  109 . 2  8 . 9  
Infrared ( 7 0Q-900 nm) 13  106 . 1  8 . 1  
-------------------------Small Grain--Clarno--------------------�-----
Panchromatic ( 60Q-700 nm) 3 1  116 . 9  1 2 . 2  
Panchromatic ( SOQ-700 nm) 3 1  1 10 . 2  9 . 6 
Inf�ared ( 7 00-900 nm) 31  103 . 6  10 . 2  
-------------------------Small Grain--Ethan---------------------------
Panchromatic ( 60Q-7 00 nm) 38 1 29 . 2  11 . 5  
Panchromatic ( SOQ-700 nm )  38 1 1 7 . 6  10 . 1  
Infrared ( 7 00-900 nm) 38 105 . 2  8 • 9  
-------------------------Small Grain--Betts---------------------------
Panchromatic ( 60Q-700 nm) 4 145 . 0  9 . 1  
Panchromatic ( SOQ-7 00 nm) 4 127 . 3  8 . 8  
Infrared (70Q-900 nm) 4 1 1 2 . 0  4 . 4 
Table 7 .  Number of obse rvations , mean , and standard deviation of 
film transmi s sion data by cover and soil on nearly level 
landscape s . 
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No . of Transmi ssion S tandard 
Film Observations Mean Deviation 
--------------------------No Cover--Bonilla---------------------------
Panchromatic ( 600-700 nm) 27 1 10 . 9  8 . 1  
Panchromatic ( 50Q-700 nm) 27 103 . 1  7 . 3 
Infrared ( 7 0Q-900 nm) 27 71 . 4  8 . 3  
-------------------- No Cover--C larno-------------------------
Panchromatic ( 6 0Q-700 nm) 35 1 1 4 . 6  8 . 4  
Panchromatic ( 50Q-700 nm) 35 105 . 3  6 . 8 
Infrared ( 700-900 nm) 35 73 . 9  8 . 3  
-----------------------No Cover--C rossplain-------------------------
Panchromatic ( 6 0Q-700 nm) 13 107 . 0  9 . 1  
Panchromatic ( 50Q-700 nm) 13  99 . 8  6 . 7 
Infrared ( 7 0Q-900 nm) 13  69 . 5  1 2 . 8  
--------------------------No Cover--Davi son---------------------------
Panchromatic (60Q-700 nm) 8 119 . 5  9 . 5  
Panchromatic ( 50Q-700 nm) 8 108 . 9  5 . 1  
Infrared ( 700-900 nm) 8 78 . 1  5 . 5  
--------------------------No Cover--Tetonka---------------------------
Panchromatic ( 60Q-700 nm) 21 1 10 . 5  1 2 . 3  
Panchromatic ( 50Q-700 nm) 2 1  104 . 1  1 1 . 3  
Infrared (70Q-900 nm) 2 1  _ _  70 . 1  1 3 . 1  
--------------------------No Cover--Worthing--------------------------
Panchromatic ( 600-700 nm) 1 1  101 . 6  9 . 7  
Panchromatic ( 500-7 00 nm) 1 1  99 . 6  1 0 . 1  
Infrared ( 7 0Q-900 nm) 11 66 . 2  1 2 . 1  
----------.----------------Alfalfa--Bonilla----------------------------
Panchroma tic ( 6 0Q-700 nm) 9 70 . 0  1 4 . 2  
Panchroma tic ( 50Q-700 nm) 9 85 . 3  1 2 . 3  
Infrared ( 7 0Q-900 nm) 9 138 . 1  1 6 . 1  
---------------------------Alfalfa--Clarno----------------------------
Panchromatic ( 60Q-700 nm) 16  76 . 9  9 . 9  
Panchroma tic ( 500-700 nm) 16 88 . 7  9 . 3  
Infrared ( 7 00-900 nm) 16 130 . 7  10 . 6  
-------------------------Alfalfa--C rossplain--------------------------
Panchromatic ( 60Q-700 nm) 8 69 . 8  3 . 5 
Panchromatic ( 500-700 nm) 8 83 . 3  1 . 6 
Infrared ( 700-900 nm) 8 138 . 6  10 . 0  
--------------------------Al falfa--Davi son----------------------------
Panchromatic (600-700 nm) 10 84 . 0  8 . 3  
Panchromatic ( 500-700 nm) 10 90 . 4  5 . 0 
Infrared ( 700-900 nm) 10 128 . 6  6 . 4 
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Table 8 .  Number of observations , mean , and standard deviation of film 
t ransmission data by cover and soil of Clarno and Bonilla 
soils on nearly level and undulating landscapes .  
Film 
No . of 
Observations 
Transmi s sion 
Mean 
Standard 
Deviation 
---------------------------No Cover--Clarno---------------------------
Panchromatic ( 6 0Q-700 nm) 39 1 16 . 7  8 . 0 
Panchromatic ( SOQ-700 nm) 39 106 . 1  7 . 0 
Infrared ( 7 0Q-900 nm) 39 7 5 . 6  10 . 5  
--------------------------No Cove r--Bonil la---------------------------
Panchromatic ( 6 0Q-7 00 nm) 39 1 1 1 . 5  7 . 9 
Panchromatic ( SOQ-7 00 nm) 39 102 . 8  7 . 3 
Infrared ( 7 0Q-900 nm) 39 71 . 8  8 . 9 
------------------------C rop Residue--Clarno--------- ----------------
Panchromatic ( 6 0Q-700 nm) 17 1 34 . 9  7 . 2  
Panchromatic ( SOQ-7 00 nm) 17  121 . 1  5 . 3 
Inf rared ( 7 0Q-900 nm) 17  89 . 9  7 . 7 
------------------------C rop Residue--Bonilla-------------------------
Panchromatic ( 6 0Q-7 00 nm) 17 1 29 . 0  8 . 3 
Panchromatic ( 50Q-7 00 nm) 17  1 17 . 1  5 . 4  
Infrared ( 7 00-900 nm) 1 7  87 . 3  7 . 5 
---------------------------Alfalfa--C larno----------------------------
Panchromatic ( 6 0Q-700 nm) 10 76 . 4  1 2 . 5  
Panchromatic ( 50Q-700 nm )  1 0  89 . 9  1 1 .8  
Infrared ( 700-900 nm) 10  1 3 1 . 3  12 . 1  
--------------------------Alfalfa--Bonilla----------------------------
Panchromatic ( 60Q-700 nm) 10  70 . 2  13 . 4  
Panchromatic ( 50Q-700 nm )  10  84 . 8  1 1 . 7  
Infrared ( 7 0Q-900 nm) 10  139 . 2  15 . 6  
-------------------------Small Grain--Clarno--------------------------
Panchromatic ( 60Q-700 nm) 30 1 2 1 . 0  1 1 . 3  
Panchromatic ( 50Q-700 nm )  30 1 1 4 . 4  9 . 3  
Infrared (700-900 nm) 30 107 . 1  10 . 3  
------------------------Small Grain--Bonilla--------------------------
Panchromatic (60Q-700 nm) 32 1 1 5 . 7  12 . 4  
Panchromatic ( SOQ-700 nm )  3 2  1 1 1 . 1  8 . 6 
Infrared ( 7 0Q-900 nm) 32 105 . 1  9 . 3  
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Table 9 .  Number of obs ervations , mean , and standard deviation of film 
t ransmi ssion da ta by cover and so il of Clarno and E than 
soils on undula ting landscapes .  
Film 
No . of 
Observations 
Transmi ssion 
Mean 
S tandard 
Deviation 
---------------------------No Cover--clarno---------------------------
Panchromatic ( 6 0Q-700 nm) 29 1 15 . 3  1 1 . 5  
Panchromatic ( 500-700 nm )  29 104 . 8  1 0 . 7  
Infrared ( 7 0Q-900 nm) 29 80 . 3  1 2 . 7  
---------------------------No Cover--E than----------------------------
Panchromatic ( 60Q-700 nm) 35 132 . 6  1 4 . 5  
Panchromatic ( SOQ-700 nm) 35 1 18 . 9  1 2 . 9  
Infrared ( 7 00-900 nm) 35 89 . 3  1 1 . 9  
------------------------Crop Residue--Clarno--------------------------
Panchromatic ( 60Q-700 nm) 8 130 . 4  1 2 . 1  
Panchromatic ( SOQ-700 nm) 8 1 1 6 . 4  1 1 . 3  
Infrared ( 7 0Q-900 nm) 8 84 . 8  1 1 . 8  
-------------------------Crop Residue--E than--------------------------
Panchromatic ( 60Q-700 nm) 9 147 . 6  1 4 . 9  
Panchromatic ( 50Q-700 nm) 9 1 29 . 7 1 3 . 5  
Infrared (70Q-900 nm) 9 97 . 4  1 4 . 4  
------------- -------------Alfalfa--Clarno----------------------------
Panchromatic ( 60Q-700 nm) 1 2  84 . 3  1 4 . 9  
Panchromatic ( 50Q-700 nm )  1 2  87 . 3  9 . 3  
Infrared ( 7 0Q-900 nm) 1 2  123 . 3  17 . 7  
---------------------------Alfalfa--E than-----------------------------
Panchromatic ( 600-700 nm) 14 96 . 9  1 6 . 9  
Panchromatic ( 50Q-700 nm )  14  97 . 3  1 2 . 1  
Infrared (700-900 nm) 14 125 . 9  20 . 9  
---------------------------Pas ture--Clarno----------------------------
Panchromatic ( 6 0Q-700 nm) 7 108 . 3  9 . 4  
Panchromatic ( SOQ-700 nm) 7 102 . 1  6 . 6 
Infrared ( 700-900 nm) 7 1 19 . 9  10 . 0  
---------------------------Pas ture--Ethan-----------------------------
Panchromatic ( 60Q-700 nm) 1 1  114 . 1  1 1 . 0  
Panchromatic ( 500-700 nm )  1 1  106 . 7  8 . 0  
Infrared (70Q-900 nm) 11 116 . 0  7 . 4 
-------------------------Small Grain--Clarno--------------------------
Panchromatic ( 600-700 nm) 18 1 1 5 . 4  1 2 . 1  
Panchromatic ( 500-700 nm) 18 108 . 5  8 . 3  
Infrared ( 700-900 nm) 18 100 . 1  10 . 5  
-------------------------Small Grain--Ethan---------------------------
Panchromatic ( 6 00-700 nm) 24 128 . 0  1 1 . 1  
Panchromatic ( 500-700 nm) 24 1 18 . 3  9 . 4  
Infrared ( 7 00-900 nm) 24 106 . 4  9 . 5  
Table 1 0 . Number of obs erva tions , mean , and standard deviation of 
film transmi ssion da ta by cover and soil of Clarno , 
Cros splain and Davi son soils on nearly leve l landscapes .  
52 
Film 
No . of 
Observat ions 
Transmi ssion 
Mean 
S tandard 
Deviation 
---------------------------No Cover--clarno---------------------------
Panchromatic ( 60Q-700 nm) 8 1 10 . 1  7 . 5 
Panchromatic ( 500-700 nm) 8 101 . 9  3 . 3 
Infrared ( 7 00-900 nm) 8 70 . 9  5 . 5  
-------------------------No Cover--Crossplain-------------------------
Panchromatic ( 6 0Q-700 nm) 8 1 05 . 9  1 0 . 0  
Panchromatic ( SOQ-700 nm) 8 98 . 9  5 . 2  
Infrared (70Q-900 nm) 8 68 . 5  4 . 8  
--------------------------No Cover--Davi son---------------------------
Panchromatic ( 60Q-700 nm) 8 1 19 . 5 9 . 5 
Panchromatic ( SOQ-700 nm) 8 108 . 9  5 . 1  
Infrared (700-900 nm) 8 78 . 1  5 . 5 
---------------------------Alfalfa--Clarno----------------------------
Panchromatic ( 600-700 nm) 7 77 . 6  3 . 6 
Panchromatic ( SOQ-700 nm) 7 86 . 6  1 . 4 
Infrared ( 7 0Q-900 nm) 7 131 . 1  8 . 8  
-------------------------Alfalfa--Crossplain--------------------------
Panchromatic ( 600-700 nm) 8 69 . 8  3 . 5  
Panchromatic ( 500-700 nm) 8 83 . 3  1 . 6 
Infrared (700-900 nm) 8 1 38 . 6  1 0 . 0  
--------------------------Alfalfa--Davison----------------------------
Panchromatic ( 600-700 nm) 10 84 . 0  8 . 3  
Panchromatic ( SOQ-700 nm) 10 90 . 4  5 . 0 
Inf rared (700-900 nm) 10  128 . 6  6 . 4 
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ferences between reflectance curves (a)  and (b)  of Stoner and 
Baumgardner ( 19 8 1 ) shows greater di fferences in the near infrared 
region than the vi s ible region of the spectrum; however the infrared 
( 700-900 nm) f ilm has lower transmi ssion values on unvege tated so ils 
than the two panchromatic films due to di fferences in film sens i t ivi ty . 
The coeff icient of de terminat ion was highest for soils wi thin 
undulating landscapes and lowes t  for so ils wi thin the Clarno-Bonilla 
complex . The 4higher r2 value of the so ils wi thin the undula t ing 
landscape wi th no land cove r i s  due in part to the di f ferences in 
drainage class and organic matter content (Table 4 ) . Many areas of 
the E than soils are mo dera tely eroded wi th calcareous Bk horizon 
material mixed wi th the Ap horizon material . Eroded so ils have higher 
reflectance than ad jo ining non-eroded soils as was not ed by Frazee et 
al . ( 19 7 2 ) , Latz et al . ( 1981 ) ,  and Wes t!� ( 19 7 5 ) .  The calcium car­
bonate in the surface laye r  of the Ethan so il also increases reflec­
tance (Hovis ,  1 9 66 ) .  
The lower r2 of the Clarno and Bonilla so ils wi thin the 
Clarno-Bonilla complex is due par tial ly to the greater simi�ari ty of 
the soils ( Table 5 ) . 
Discriminant Classification of Soils 
Wi th No Land Cover 
The orde r of decrease in surface organic ma t ter content of the 
soils are : Wor thing • Tetonka > Cros splain • Bonil la > Clarno a 
Davison � Ethan (Table 4 ) . The order of decreasing sur f ace 
moi s ture contents  of the so ils probably would have been : Worthing > 
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Te tonka > Cros splain > Bonilla • Davison � Clarno > Ethan due 
to landscape. pos ition and wa ter-holding capaci ty as a resul t  of 
decreasing clay and organic ma t ter content . Surface textures range 
from silty clay loam to loam . The dominant mo i s t  Munsell color of the 
surface soils is dominantly 1 0YR 2/1  for the Bonilla , Clarno , 
Cros splain , Tetonka and Worthing soils ; and 1 0YR 3/2 fo r the E than and 
Davi son soils . 
The soils found in the study area would mo s t  likely fit the 
following spectral curves as def ined by Stoner and Baumgardner ( 1981 ) :  
Crossplain , Tetonka , and Worthing so il as curve ( a) , Bonil la so il as 
curve ( a )  or ( b ) , the Clarno and Davi son soils as curve ( b ) , and the 
E than soil as curve ( b )  or ( c )  (Figure 1 ) .  
Undulating Landscapes 
Clarno and E than so ils tended to be di s tinguished more of ten 
than other so ils on undulat ing landscapes wi th no land cove r using the 
panchromatic ( 600-700 nm) ( 1 )  film wi th an overall accuracy of 5 9  per­
cent ( Table 1 1 ) . Mos t  of the incorrectly classified observat ions of 
the Clarno soil were classified as Ethan so il and vice ve rsa (Appendix 
C ,  Table 1a) . The lower percent correct classification of the 
Worthing soil is due to ove rlap caused the variabili ty wi thin each 
soil clas s ,  and the lower prior probabili ty of the Worthing so il than 
the Clarno so il . All of the mi sc las sified Worthing data po ints we re 
classified as Clarno soil due to the overlap of da ta po ints as well as 
the higher pr iori ty probability fo r the Clarno so il . The Bonil la so il 
was never classified correctly on undulating landscapes using only the 
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Table 1 1 . Percent so ils classified correctly by soil grouping wi th 
no land cover • t 
Film § 
Soil 1 2 3 1 ,2 1 ,3 1 , 2 ,
3 
------------------------Undula ting Landscapes-------------------------
Bonilla ( 1 2 )  
Clarno ( 4 1 ) 
Ethan ( 47 )  
Worthing ( 1 1 ) 
Over-all ( 1 1 1 ) 
0 
7 1  
68 
36 
59 
0 
68 
68 
100 
64 
25 
62 
70 
100 
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-----------------------Nearly Level Landscape s------------------------
Bonilla ( 27 )  
Clarno (35 ) 
Crossplain ( 1 3 )  
Davison ( 8 )  
Tetonka ( 2 1 ) 
Worthing ( 1 1 ) 
Over-all ( 1 1 5 ) 
19  
89 
0 
0 
0 
36 
3 1  
33 
66  
8 
25 
29 
82 
43 
----------------- -----Clarno-Bonil la Complex-------------------------
Clarno ( 39 ) 6 7  
Bonilla ( 39 )  12 · 
Over-all ( 78 ) 69  
------------------------C larno-E than Complex--------------------------
Clarno (29 ) 72 
Ethan ( 35 )  7 4  
Over-all (64 ) 73  
------------------Clarno-Crossplain-Davi son Complex-------------------
Clarno ( 8 )  
Cros splain ( 8 )  
Davi son ( 8 )  
Over-all ( 24 )  
37 
50 
75 
50 
tNumber in parenthesis refers to the number of obs erva tions fo r that 
soil . 
§ Film combinations 
1 Panchromatic ( 600-700 nm) 
2 Panchromatic ( SOQ-700 nm) 
3 Infrared ( 7 00-900 nm) 
panchromatic ( 6 0Q-700 nm) ( 1 )  f ilm (Table 1 1 ) . The Clarno and E than 
soil s may have a closely related spectral curve (S toner and 
Baumgardner , 1 9 81 ) .  Both soils typically have a mo i s t  MUnsell color 
of 1 0YR 2/ 1 ( Table 4 ) . A majo rity of the Bonil la da ta po int s we re 
classified as Clarno soil due to the ove rlap of transmission da ta 
caused by similarity of so il mo is ture , texture , and organic ma t ter 
content between the Bonilla and Clarno so ils . 
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Combinations of the panchromatic ( 600-7 00 nm) ( 1 )  and the 
panchromatic ( 500-7 00 nm) ( 2 )  f ilms were useful in increasing the 
over-all accuracy of soil de tection to 64 percent (Table 1 1 ) .  The 
improvement in correct classification is due to a reduct ion of con­
fusion among the soil classes (Appendix C ,  Table 1 b ) . A combina t ion 
of all three films increased the over-all percent of the so ils on 
undulating landscapes classified correctly to 6 5  percent (Table 1 1 ) . 
Although no data po ints of the Bonilla so il were classi fied correctly 
using only one film , the percentage classified correctly �s increased 
to 25  percent by using a combina tion of all three films . The improve­
ment in class ification of the Bonil la soil may be due to the di fferen­
ces in the reflectance properties of soils at the wave leng t hs recorded 
on the three types of films . The increase in the accuracy by using a 
combination of waveleng t hs in class ifying so il groups is . documented by 
several authors (Kristof and Zachary , 1 9 7 4 ; Kristof and Baumgardner , 
1 9 7 5 ; Lewis et al . ,  1 9 7 5 ;  Wes tin and Myers , 1 9 7 3 ;  Wes tin and Frazee , 
1 976 ; and Westin and Lemme , 1 9 7 8 ) . 
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Nearly Level Landscapes 
The Clarno so il tended to be di s tingui shed more of ten than the 
o ther soils on nearly level landscapes wi th no land cover using a 
s ingle film wi th panchromatic ( 600-700 nm) ( 1 ) film result ing in an over­
all accuracy of 31  percent . No da ta po ints of Crossplain , Davison , or 
Tetonka were classi fied correctly . The high percent of the Clarno 
soil s classified correctly using each of the films singly may be art i­
ficial in that a ma jori ty of the mi sclassified data po ints were 
classified as Clarno so il , due to the large amount of overlap among 
SQtl groups as well as to the greater prior probabili ty of membership 
in the Clarno so il than the other soils (Appendix C ,  Table 2a) . 
The percent over-all classification of the so ils on nearly 
level landscapes was low mainly due to the similarities among the 
soil s wi thin the landscape . All of the so ils except the Davi son soil 
have a moist  Munsell color of 1 0YR 2/1 (Table 4 ) .  The organic ma t ter 
content and landscape po s i t ion of the fo llowing so ils is similar : 
Te tonka and Worthing , Bonilla and Cros splain , and Clarno and Davi son . 
Surface texture ranges from loam to silty clay loam . Also the percent 
correct classification is reduced by at tempting to classify a large 
numbe r of soils . 
More soils on nearly level landscape s wi th no land cove r were 
discriminated by using a combination of the panchroma tic (600-7 00 nm) 
( 1 )  and panchromatic ( 500-700 nm) ( 2) films (Table 1 1 ) .  Only three of 
the six soils were di scriminated using a single film; howeve r ,  all six 
soils were di scriminated us ing a combination of the panchromatic 
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( 60Q-700 nm) ( 1 )  and the panchroma tic ( 500-600 nm) ( 2 )  films obt aining 
an over-all correct classif ication of 43 percent . The di sc rimination 
of more so ils may be a result of di fferences in the spect ral regions 
represented by each film type . Although the Cros splain and Davi son 
soil s were never classified correctly using the panchroma tic ( 6 00-700 
nm) ( 1 ) or the ( SOQ-700 nm) (2 ) films singly , the percent classified 
correctly increased to 8 and 2 5  percent respect ively using a com­
bination of the panchroma tic ( 600-700 nm) ( 1 )  and panchromat ic 
( SOQ- 700 nm) (2 ) f ilms . The increase in percent correct classifica­
tion of these soils is due to tmproved separation among the soils by 
using measurements from a combination of films . The percent of the 
Clarno so il classified correctly decreased by using a combinat ion of 
films . This may be due to increasing the area of correct classif ica­
tion of the other so ils and overlap among the so ils . 
Over-all percent of the soils classified correctly on near ly 
level landscapes was lower than that on undula ting landscape s , due to 
mo re similari ty among so ils wi thin the nearly leve l landscapes than 
the undulating landscape s as well as the greater number of soil 
classes compared on the nearly leve l landscape s .  
Clarno and Boni lla Soils Within the Clarno-Bonilla Complex 
The panchroma tic ( 600-700 nm) ( 1 )  film was the mos t useful film 
for di sc riminating the Clarno and Bonil la so ils wi thin the 
Clarno-Bonil la compl ex on nearly leve l and undula ting landscapes wi th 
no land cover . Sixty-s even percent of the Clarno soil and 
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72  percent of the Bonilla soil was classified correctly result ing in 
an over-all accuracy of 69 percent . Even though the Clarno and 
Bonilla soils are fairly similar , the over-all accuracy in cla s s ifying 
the so ils wi thin the Clarno-Bonilla complex was higher than the over­
all accuracy of classifying so ils wi thin undulating landscapes or 
nearly level landscapes .  The greater over-all accuracy is due domo­
nantly to the fewer soil classes being compared wi thin the 
Clarno-Bonilla complex than wi thin undulating landscapes or nearly 
level landscapes .  Four soil classes were compared on undulating 
landscapes and six cla sses were compared on nearly leve l landscape s . 
Clarno and Ethan Soils Wi thin the Clarno-Ethan Complex 
The panchromatic ( 60Q-700 nm) ( 1 ) film was the mo s t  useful film 
for di scriminating the Clarno and E than soils wi thin the Clarno-E than 
complex wi th no land cove r . Seventy-two percent of the Clarno soil 
and 74 percent of the E than so il was classified correctly resul t ing in 
an over-all accuracy of 7 3  percent . The over-all accuracy of di scri­
minating so ils wa s  higher for the so ils wi thin the Clarno-E than 
complex than fo r any other soil grouping wi th no land cove r . The 
over-all accuracy of di scriminating soils wi thin the Clarno-E than 
complex is higher than that wi thin the Clarno-Bonil la complex due to 
the greater di fferences in sur face characteris tics of the Clarno and 
Ethan soils than the Clarno and Bonilla so ils , mainly due to di f feren­
ces in organic ma t ter and mois ture content and to the pr esence of 
calcium carbona te in the surface of the Ethan so il . The over-all 
accuracy of di scrimina ting soils was higher fo r the so ils wi thin the 
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Clarno-Ethan complex than wi thin the undulating and nearly leve l 
landscapes and the Clarno-Cros splain-Davi son complex . This is due in 
part to the fewer soil classes compared . 
Clarno , Crossplain, and Davison Within the 
Clarno-Crossplain-Davison Complex 
The panchromatic ( SOQ-7 00 nm) ( 2 )  film was the mo s t  useful film 
for di scriminating the Clarno , Crossplain , and Davi son so ils wi thin 
the Clarno-Cros splain-Davi son complex . Percent accuracy was 3 7 , 50 
and 7 5  for the Clarno , Cros splain , and Davi son so ils respective ly 
resulting in an over-all accuracy of 50 percent . There was much 
overlap in the da ta between the Crossplain and Clarno so ils and the 
Clarno and Davison soils due to similar mois ture and organic ma t ter 
content ( Appendix C ,  Table 5 ) . 
The over-all accuracy in discriminating the soils wi thin the 
Clarno-Crossplain-Davi son complex wi th no land cover was higher than 
that of di scriminating soils on nearly leve l landscapes (Table 1 1 ) .  
The increase in accuracy is mainly a result of reducing the number of 
soil classes compared from six to three . 
Stepwise Discriminant Analysis 
Within Each Soil Grouping Covered with Crop Residue 
The panchromatic ( 600-700 nm) ( 1 ) f ilm revealed the greates t di f­
ferences among soils in areas covered wi th crop residue us ing a single 
film (Table 5 ) . The r2 was increased using a combination of the 
panchromatic (600-7 00 nm) ( 1 )  and the infrared ( 700-900 nm) ( 3 )  f ilms 
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within undulating Landscapes and the Clarno-Ethan complex . The reflec­
tance of the residue covered soils in the near infrared po rtion of the 
spectrum further separated the so il groups containing the E than soil . 
The increased separation may be due to greater di f ference in mean 
t ransmission values between the panchromatic ( 600-700 nm) f ilm and the 
infrared ( 7 00-900 nm) f ilm for the E than soil than the Clarno or 
Bonilla so ils ( Tables 6 ,  8 and 9 ) .  Ethan soils tend to crus t  easier 
than Clarno or Bonilla soils resulting in increased reflectance for 
the Ethan soil . 
The coefficient of de termination was highes t  wi thin undulat ing 
landscape s and wi thin the Clarno-Ethan complex and lowes t  wi thin the 
Clarno-Bonilla complex (Table 5 ) . This is due part ially to the 
greater background ref lectance di f ference between the Clarno and E than 
soil s than the Clarno and Bonilla soils . 
Discriminant Class i fication of  Soils Covered wi th Crop Residue 
Undulat ing Landscapes 
The panchromatic ( 6 0Q-700 nm) ( 1 ) f ilm was the mos t useful single 
film for di scriminating so ils on undulating landscapes covered wi th 
crop res idue ; howeve r , the Clarno and E than so ils were the only so ils 
discriminated (Table 1 2 ) . There was no di scrimination of the Bonilla 
soil from the Clarno and E than soils . Thi s is due to the similar 
characteris tics of the sur face of the Clarno and Bonil la soil s  as well 
as the similarity in res idue cover . More of the Clarno and E than 
soil s were classified correctly due to greater di fferences in surface 
Table 1 2 . Percent so ils classified correctly by soil grouping 
covered wi th crop residue . t 
Film § 
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Soil 1 2 3 1 , 2 1 ,3 1 , 2 ,
3 
----- --- --------------Undula ting Landscapes-------------------------
Bonilla ( 9 )  
Clarno ( 1 7 ) 
Ethan ( 10 )  
Over-all ( 36 )  
0 
88 
50 
56 
33 
88 
70 
69 
-----------------------C larno-Bonilla Complex-------------------------
Clarno ( 1 7 ) 7 1  
Bonilla ( 17 )  6 5  
Over-all (34 ) 68 
------------------------C larno-E than Complex--------------------------
Clarno ( 8 )  
Ethan ( 9 )  
Over-all ( 17 ) 
7 5  
6 7  
7 1  
7 5  
8 9  
82 
tNumber in parenthesis ref ers to the number of observations fo r that 
soil . 
§ Film combinations 
1 Panchromatic (600-700 nm) 
2 Panchromatic ( 50Q-700 nm) 
3 Infrared ( 70Q-900 nm) 
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characteristics . 
When· a combination of the panchromat ic ( 60Q-700 nm) ( 1 )  and 
infrared ( 7 00-900 nm) ( 3 )  was used in areas covered wi th crop residue 
the percent of the Bonil la and E than soils classified correctly 
increased to 33 and 70 percent respectively although the pe rcent of 
the Clarno soil classi fied correctly was unchanged fo r an over-all 
accuracy of 6 9  percent . The combination of the panchroma tic ( 60Q-700 
nm.) ( 1 ) and the infrared ( 7 00-900 nm) (3) f ilms resulted i� .. greater 
separation between the Bonilla and the Clarno so il and the Clarno and · 
the Ethan soil due to a greater dif ference be tween mean transmi ssion 
values for the E than so il than the Clarno soil and the Clarno so il 
than the Bonilla soil . The separation was increaed between the 
Bonil la and Clarno so il s  even though the mean transmi ssion values for 
the two soils using the infrared (70Q-900 nm) film we re similar . The 
percent of correct classif ication of the Clarno was higher than that 
of the Bonilla and E than so ils part ially due to the greater pr ior pro­
bability of the Clarno so i l . 
Clarno and Bonilla Soils Wi thin the Clarno-Boni lla Complex 
The panchroma tic ( 60Q-700 nm) film was the mo s t  useful film fo r 
discriminating the Clarno and Bonil la so ils wi thin the Clarno-Bonilla 
complex on nearly level and undulating landscape s covered with crop 
res idue . Seventy-one percent of the Clarno so il and 6 5  percent of the 
Bonilla soil  were classified correctly result ing in an over-all 
accuracy -of 6 8  percent . 
It is interes ting to no te tha t no Bonilla da ta points we re 
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correc tly classified using only the panchromatic (60Q-700 nm) ( 1 )  film 
on undulating landscape s . The Clarno and Bonilla da ta po ints showed 
li ttle separation on undulating landscapes covered wi th crop res idue . 
This po ints out the observation that di scrimination of soils wi thin a 
soil grouping is easier when fewer so il classes are considered espe­
cially if the so ils have closely related spect ral characteristics . 
Clarno and Ethan Soils Within the Clarno-Ethan Complex 
The panchromatic ( 60Q-7 00 nm) ( 1 ) f ilm was the mos t useful single 
film for di scriminating Clarno and E than soils wi thin the Clarno-E than 
complex covered wi th crop residue . The Clarno and E than soils were 
correctly classified wi th a 7 5  and 6 7  percent accuracy respect ively 
result ing in an over-all accuracy of 71 percent . 
The percent of the Clarno and E than so ils wi thin the 
Clarno-Ethan complex classified correctly was increased to 7 5  and 89  
percent respect ively , using a combination of panchromatic ( 60Q-7 00 nm) 
( 1 )  and infrared ( 7 0Q-900 nm) ( 3 )  film , giving an over-all accuracy of 
82 percent . The combination of the panchromatic (60Q-700 nm) ( 1 )  and 
infrared ( 700-900 nm) ( 3 )  films resulted in greater separation of the 
Clarno and E than so ils . 
Stepwise Discriminant Analysis 
Within Each Soil Grouping with Growing Alfalfa 
The panchroma tic ( 500-700 nm) (2) f ilm revealed the greates t di f­
ferences among so ils on undula ting landscape s and wi thin the 
Clarno-Ethan complex wi th growing alfalfa whereas the panchromatic 
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( 60Q-700 nm) ( 1 )  f ilm reveals the greates t  di fferences among so ils on 
nearly level landscapes and wi thin the Clarno-Cros splain-Davi son 
complex (Table 5 ) . Ini tial entry r2 values were . 17 and . 24 for the 
panchromatic ( 600-7 00 nm) ( 1 )  and Panchromatic ( SOQ-700 nm) ( 2 )  film 
respectively in the undulating landscape grouping and . 14 and . 18 for 
the Panchromatic ( 60Q-7 00 nm) ( 1 ) and Panchromatic ( SOQ-7 00 nm) ( 2 )  
films respectively in the Clarno-Ethan complex grouping . In both cases 
the initial entry r2 value for the panchromatic ( SOQ-7 00 nm) ( 2 )  was 
higher than that of the other two films . As a result the panchroma tic 
( SOQ-700 nm) ( 2 ) f ilm variable �s entered firs t . After the panchroma­
tic ( 500-700 nm) ( 2 )  f ilm variable was entered the part ial r2· of the 
panchromatic ( 60Q-7 00 nm) ( 1 )  f ilm was not significant at the entry 
level . Lit tle di fference was measured between the transmi s sion means 
of the Clarno and E than so ils using the infrared ( 7 0Q-900 nm) f ilm wi th 
growing alfalfa . This would indicate li ttle di f ference exi s t s  be tween 
the reflectance of the alfalfa canopy on the Clarno and E than so ils . 
The di s tance between transmi ssion means of the Clarno , Cros splain , and 
Davi son soil  was also greatest  using the panchroma tic ( 60Q-7 00 nm) film 
and the standard deviation was lowe s t  using the panchromatic ( 500-700 
nm) f ilm (Table 1 0 ) . In this case the initial entry level r2 was .53  
and . 47 for  the panchroma tic ( 600-7 00 nm) ( 1 ) and the panchroma tic 
( 50Q- 700 nm) (2 ) films respective ly ( Table 5 ) . Both were signi f icant 
at the 0 . 01 level . Therefore wi thin the undulating landscape , 
Clarno-E than complex , and the Clarno-Crossplain-Davison complex , li t tle 
difference exi s t s  between the panchromatic ( 600-700 nm) ( 1 )  and the 
panchromatic ( 500-700 nm) (2 )  films in revealing di f ference among so il s 
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wi thin the respective groupings . None of the films had a signi ficant 
r2 at the entry level wi th the Clarno-Bonilla complex . This is due 
mainly to the similarity of al falfa growth on the Clarno and Bonilla 
soils . 
The infrared ( 7 0Q-900 nm) ( 3 )  film did not reveal addi tional signi­
ficant di fferences among soils
-
. This is due partially to the large 
amount of near infrared light reflected by the relatively uni form 
alfalfa canopy . The nearly uniform reflectance of near-infrared 
radiation causes the mean film transmi ssion values fo r the Clarno and 
E than soils to be similar . The relatively high reflectance and low 
apsorp tion of near- infrared radiation of plant leave s is caued by 
reflectance of the spong y  me sophyll and palli sade cells , has been 
noted by many researchers ( Colwell , 1 9 7 4 ;  Gates et al . ,  1 9 6 5 ;  Knipling , 
1970 ; Myers et al . ,  1 9 6 6 ; Sinclair et al . ,  1 9 7 1 ; and S inclair et al . ,  
1973 ) . 
Discriminant Class i fica tion of  Soils with Growing Al falfa 
Undulating Landscapes and Clarno-Ethan Complex 
The panchromatic ( 500-7 00 nm) ( 2 )  was the mo s t  useful film 
for di scriminating soils on undulating landscap�s and wi thin the 
Clarno-Ethan complex wi th growing alfalfa (Table 1 3 ) .  The percent of 
the Clarno and E than so ils classif ied correctly was higher wi thin 
undulating landscapes than wi thin the Clarno-E than complex . This is 
due to a slightly greater separation between the mean transmi ss ion 
values of the Clarno and E than so ils and lower standard deviation on 
Table 1 3 . Percent soils class i fied correctly by soil grouping wi th 
growing alf alfa . t  
Film § 
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Soi l  1 2 . 3 1 , 2 1 , 3 1 , 2 , ? 
----- ------------------Undulating Landscapes-------------------------
Clarno ( 1 3 ) 
E than ( 20 )  
Over-all (33 ) 
69  
80 
76 
------------------Nearly Level Landscapes--------------------
Bonilla ( 9 )  1 1  
Clarno ( 1 6 ) 69  
Cross plain ( 8 )  88 
Davison ( 1 0 )  30 
Over-all (43 ) 5 1  
----------- --C larno-E than Complex-----------------
Clarno ( 1 2 )  
Ethan ( 1 4 ) 
Over-all (26 ) 
67  
64 
65  
-------- --------C larno-C ross plain-Davi son Complex-------------------
Clarno ( 7 ) 7 1  
Crossplain ( 8 )  88 
Davi son ( 1 0 )  6 0  
Over-all ( 25 ) 72  
tNumber in parenthesis refers to the number of  observa tions fo r that 
soil . 
§ Film combinations 
1 Panchromatic ( 60Q-700 nm) 
2 Panchromatic ( SOQ-700 nm) 
3 Infrared ( 7 0Q-900 nm) 
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the undulating landscapes than wi thin the Clarno-E than complex (Tables 
6 and 9 ) . 
Nearly Level Landscapes and Clarno-Crossplain-Davison Complex 
The panchromatic ( 600-700 nm) ( 1 )  film was the mo s t  useful single 
film for di scriminat ing soils on nearly level landscapes and wi thin 
the Clarno-Crossplain-Davi son complex wi th growing alf alfa . The 
Crossplain soil had a higher percent correct classi fication , partially 
because of the comparative ly low standard deviation among data po ints 
( Tables 7 and 1 0 ) . There was comple te separation of the Cros splain 
and Davi son so ils ( Appendix C ,  Tables 8 and 1 3 ) . The main confusion 
that exi sted was between the Crossplain and Clarno so ils , Cros s plain 
and Bonilla so ils and the Davi son and Clarno soils . This is due to 
the greater similarity of alfalfa growth among the Cros splain , Bonilla 
an Clarno soils than between the Davison and Crossplain so il s . 
The over-all accuracy in di scriminating so ils in areas wi th 
growing alfalfa was greater on undula ting landscapes than nearly level 
land scapes wi th an over-all accuracy of 76  and 51 percent respectively 
( Table 1 3 ) . The lowe r percent classification may be due to mo re simi­
larities of alfalfa in the soils on nearly level landscape s than undu­
lating landscapes as well as a greater number of so il cl�sses separa­
tions attempted on the nearly level landscape s .  
The over-all accuracy in di scriminat ing so ils in areas wi th 
growing alfalfa was greater on so ils wi thin the Clarno-Cros splain­
Davi son complex than wi thin nearly level landscapes wi th an over-all 
accuracy of 72  and 51 percent respec tively . The higher percent ove r-
all classi fication is due in part to fewer soil classes separations 
attemp ted wi thin the Clarno-C rossplain-Davi son complex than wi thin 
nearly level landscapes . 
Stepwise Discriminant Analysi s  
Wi thin Each Soil Grouping in Pasture 
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The infrared ( 7 0Q-900 nm) ( 3 )  film reve aled the greates t di fferen­
ces among the so ils wi thin the undula ting landscapes in pas tur e (Table 
5 ) . Thi s may be due to the greater di s tance between the me an 
transmiss ion value s of the Worthing soil and the other soils using the 
infrared ( 700-900 nm) film than using the other two films . Mos t of 
the range species growing on the Worthing soil were stil l dormant ; 
however ,  cool season species on the well drained sites were growing . 
Many areas of the Worthing so il were saturated or ponded . The 
infrared film is also more sensi tive to di fferences in mo i s tur e con-
tent of the Worthing soil compared to that of the Clarno , Ethan , and 
Be t ts so ils than the panchromatic films . 
None of the films revealed significant di fferences between the 
Clarno and Ethan so ils wi thin the Clarno-E than complex because the 
transmiss ion means of the two so ils were close toge ther (Table 9 ) . 
Bo th so ils are sil ty range sites and suppo rt similar vegetation 
(Kunze , 1982 ) . Overgrazed ranges or fields planted to a single sep­
cies were covered by especially uniform vege tation . 
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Discriminant Classification of Soils on 
Undulating Landscapes in Pasture 
The infrared ( 7 0Q-900 nm) ( 3 )  film was the mo s t  useful film fo r 
discriminating so ils on undulating landscapes in pas tur e (Table 1 4 ) .  
Ninety-four percent of the E than soil and 58  percent of the Wor thing 
soil was classified correctly for an over-all accuracy of 48 percen t . 
No observations of the Clarno and Betts soils were classi fied 
correctly . The very po orly drained Worthing soil had some separat ion 
from the well drained Clarno , Ethan and Betts soils , but li t tl e  
s eparation was found among the Clarno , Ethan and Betts so ils (Appendix 
C ,  Table 1 0 ) . The relat ively unifo rm  reflection characteris tics of 
the vegetation result ed in a great amount of overlap in the Clarno , 
E than and Betts  soils . Mos t  of the data points of these three so ils 
were classified as Ethan so il partially due to the greater pr ior pro­
babili ty of the E than so il . 
S tepwise Discriminant Analysis 
Wi thin Each Soil Grouping with Growing Small Grain 
The panchromatic ( 600-700 nm) ( 1 )  film revealed the greatest di f­
ferences among so ils in areas planted to small grain on al l so il 
groupings tested (Table 5 ) . This is due to greater separat ion of the 
transmis sion means of the so ils using the panchroma tic ( 600-700 nm) 
f ilm than the panchromat ic ( 500-700 nm) or infrared ( 700-900 nm) f ilms 
( Tables 6 ,  8 and 9 ) .  The panchroma tic ( 600-700 nm) ( 1 )  f ilm had the 
Table 14 . Percent so ils classified correctly by so il grouping in 
pasture . t  
Film§ 
71 
Soil 1 2 3 1 ,2 1 , 2 , 3 
----- -- ------- -----Undula ting Landscapes-------------------------
Clarno ( 9 )  
Ethan ( 17 ) 
Worthing ( 1 2 )  
Betts  ( 10 )  
Over-all (48 ) 
0 
94 
58 
0 
48 
t Number in parenthesis refers to the number of obs erva tions fo r that 
soil . 
§ Film combinations 
1 Panchromat ic ( 60G-700 nm) 
2 Panchromatic ( SOG-700 nm) 
3 Infrared ( 7 0G-900 nm) 
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highe s t  r2 of the three films . No other . film revealed significant 
addi tional . dif ferences among so ils . The panchromatic ( 60Q- 700 nm) ( 1 )  
f ilm showed di f ferences between so ils of the Clarno-Bonil la complex 
s ignificant at the . 1 5  entry level but not at the .OS s ignificance 
level and was removed . The panchromatic (60Q-700 nm) film revealed 
greater di f ferences among soils than the other two films due to di f­
ferences in chlorophyll absorp tion of small grain on the various so ils 
as well as the background so il reflection which was generally mo re 
contras ting using the panchroma tic ( 60Q-700 nm) film . 
Di scriminant Classification of Soils with Growing Small Grain 
Undulating Landscapes 
The panchromatic ( 60Q-7 00 nm) ( 1 ) film wa s  the mos t useful film 
for di scriminat ing so ils on undulating landscapes wi th growing small 
grain (Table 1 5 ) .  The Clarno and E than soils were classified 
correctly wi th 6 1  and 6 8  percent accuracy respectively resul t ing in an 
over-all accuracy of 5 2  percent . None of the data points of Bonil la 
or Bet ts soil were cla s s ified correctly using a single film . The 
Bonilla soil da ta po ints we re classified as Clarno and E than so il 
(Appendix C ,  Table 1 4 ) . This is due to the overlap of the Bonilla 
soil wi th the Clarno and E than soils as well as the greater pr ior pro­
babili ty of membership of the Clarno and E than so ils . The small grain 
growth would be similar at thi s growth stage and background so il 
characteris tics of the Clarno and Bonilla soils are also similar . All 
of the Bet t s  da ta points were classified as Ethan so il due to the 
overlap of da ta points due to similari ty of growt h of small grain on 
Table 15 . Percent so ils classi fied correctly by so il grouping wi th 
growing small grain . t 
Film §  
7 3  
Soil 1 2 3 1,2 1,3 1 ,2,3 
------ - ---------�----Undulating Landscapes-------------------------
Bonilla ( 1 3 )  0 
Clarno (31 ) 6 1  
Ethan (38 ) 68 
Betts  ( 4 )  0 
Over-all (86 ) 52  
------------------------C larno-Ethan Complex--------------------------
Clarno ( 18 ) 6 7  
E than (24 ) 7 1  
Over-all ( 42 )  69  
tNumber in parenthesis refers to the number of observa tions fo r tha t 
soil . 
§ Film combinations 
1 Panchromatic ( 60Q-700 nm) 
2 Panchroma tic ( 500-7 00 nm) 
3 Infrared ( 70Q-900 nm) 
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these tw o  so ils a s  we ll a s  the greater prior probabili ty of membership 
in the E than soil . 
Clarno and E than Soils Within the Clarno-E than Complex 
The panchroma tic ( 60Q-700 nm) ( 1 ) film was the mos t useful film fo r 
discriminating the Clarno and E than soils wi thin the Clarno-E than 
complex (Table 1 5 ) .  The Clarno and E than soils were cla s s ified 
correctly wi th 6 7  and 7 1  percent accuracy respect ively resul t ing in an 
over-all accuracy of 6 9  percent . The major reason fo r the higher 
over-all accuracy fo r di scriminating soils wi thin the Clarno-E than 
eomplex than wi thin undulat ing landscapes is that fewer so il classes 
are being wi thin the Clarno-E t han complex compared result i ng  i n  less 
overlap among soils . 
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CONCLUS IONS 
Panchromat ic film filt ered for the 5 00-700 nm and 5 0Q-7 00 nm 
waveleng ths and infrared film fil tered fo r the 7 0Q-900 nm wave leng th 
were evaluated to determine if tonal di fferences exi s t  among the three 
film type s ei ther singularly or in combination that would al low 
discrimination of soil series wi thin landscapes and mapping un i t  
complexes on the land cove r present . 
The panchromat ic { 60Q-700 nm) film revealed the greates t di f­
ferences among the so ils in areas wi th no land cover using a sing le 
film wi thin each so il grouping excep t within the Clarno-C ros splain­
Davison complex . Combinat ions of films were useful in areas wi th no 
land cover especial ly on the landscape units where di fferences among 
soils occur . The panchroma tic { SOQ-700 nm) film added mo re di scrimi­
nating power to the di scriminant model than the infrared ( 70Q-900 nm) 
film . 
The coefficient of de termination was highes t  for so il groupings 
wi th the greatest spectral di f ferences among soil cla sses resul t ing 
mainly from di fferences in surface organic mat ter and mo is ture con­
tent , MUnsell color , and mineralogi cal composi tion . 
The panchromat ic ( 600-700 nm) film revealed the greate s t  di f­
ferences among so ils in areas cove red wi th crop res idue us ing a single 
film . The coefficient of de termination was increased by using a com-
bination of panchromat ic ( 600-700 nm) f ilm and panchromatic ( 70Q-900 
nm) films in areas where di fferences among the so ils wi thin a so il 
grouping s were greatest . 
Ei ther the panchroma tic ( 600-7 00 nm) or the panchromat ic 
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( SOQ-700 nm) film was mo s t  useful in revealing the di f ferences among 
soils on soils wi th growing alfalfa . The ini tial ent ry r2 values we re 
generally similar for both the panchromatic ( 60Q-700 nm) and the 
panchromat ic ( SOQ-700 nm) f ilms . On soils where alf alfa growth was 
s imilar such as wi thin the Clarno-Bonilla complex , none of the films 
revealed significant di f ferences between soils . 
The infrared ( 7 0Q-900 nm) film revealed the greate s t  di f feren­
ces among so ils in pas ture wi thin undulating landscapes where the 
reflectance charac teri s t ics of the grasses among soils we re 
contrasting . None of the films we re useful in explaining di f ferences 
between soils wi thin the Clarno-E than complex due to similar i ty of 
reflectance from the vege tation on the two soils . 
The panchromatic ( 60Q-700 nm)- film revealed the greates t di f­
ferences among so ils in areas planted to small grain wi thin undula t ing 
landscapes and the Clarno-Ethan complex due to dif ferences in the 
small grain growth as we ll as background soil reflect ion . None of the 
films were useful in revealing signif icant di fferences be tween the 
Clarno and Bonilla so ils wi th growing small grain due to greater simi­
larity in crop growth and soil background characteristics . 
Over-all accuracy of de tect ing so ils is increased by reducing 
the area of consideration from landscape uni ts to complexe s .  Ove r-all 
accuracy of landscape s and complexe s was 56 and 69 percent respec­
t ively . The higher over-all accuracy in de tecting so ils wi thin 
complexes is partially a result of fewer soil classes compared . The 
highest  accuracy of di s tinguishing so ils wi thin complexe s is achieved 
when the so ils wi thin the complex have contras ting surf ace spect ral 
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prope rties . Using film transmission techniques would be  a useful so il 
survey tool wi thin complexe s if the component s have contras ting 
spec tral reflectances wi th the land cover present . In an agr icultural 
area if only film Wi ll be used , the panchromatic ( 60Q-700 nm) f ilm 
would be the mo s t  useful single film in soil survey act ivi ties . In 
areas where conservat ion til lage pract ices leave crop res idue on the 
surface , a combinat ion of the panchromatic ( 60Q-7 00 nm) and infrared 
( 70Q-900 nm) films would aid in making high quali ty so il maps . The use . 
of  infrared film may be useful among very contras ting mo i s tur e  content 
or support vegetation wi th contrasting spectral properties . 
In areas wi th several types of land cover , soil identification 
and mapping would be mo s t  accurate when the so il scient� s t  refers to 
more than one type of pho tography in so il survey act ivi ties . The so il 
scientist should be knowledgeable of the film or combination of films 
that mo s t  accurately de tec t s  the type s of so ils present wi th the land 
cover types common in the survey area . 
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Table 1 .  Film transmi ssion da ta by soil and land cover . 
1 2 3 Map 
ID . Unit Soil Land Cover 
5 100508 1 2 1  1 1 6  7 8  9t Bonilla No Cover 
5 1 20803 1 19 1 1 1  7 3  9 Bonilla No Cover 
5 1 52005 120 1 1 2  82 9 Bonilla No Cover 
5 1 52102 118  1 1 0  7 8  9 Bonilla No Cover 
5 162804 105 101 67  9 Bonilla No Cover 
5 17 3209 112  109 67 9 Bonilla No Cover 
5 17 3304 1 1 1  105 75 9 Bonilla No Cover 
5 183302 1 1 1  105 71 9 Bonilla No Cover 
5 190403 · 107 103 67 9 Bonilla No Cover 
5 19 0405 1 1 0  104 69 9 Bonilla No Cover 
5 109408 1 1 3  104 7 7  9 Bonilla No Cove r 
5 19 0505 104 96 61 9 Bonilla No Cover 
3 1 32502 1 1 0  9 8  6 7  9 Bonilla No Cover 
3 160106 1 1 2  99  76  9 Bonilla No Cover 
3160101 85 79 54 9 Bonilla No Cover 
3 160204 125 112  82 9 Bonilla No Cove r 
3 1 7 1 102 1 1 3  105 71 9 Bonil la No Cove r 
3 1 7 1 1 03 1 1 2  9 9  6 8  9 Bonilla No Cover 
3171 202 101 97 66 9 Bonilla No Cover 
3212604 1 1 2  9 9  6 3  9 Bonilla No Cove r 
3224504 1 1 4  105 75 9 Bonilla No Cove r 
5062002 120 109 71  9 Bonilla No Cove r 
5082903 1 1 4  109 56 9 Bonilla No Cove r 
1212101  106 98 77 9 Bonilla No Cover 
1 243204 98 97 66 9 Bonilla No Cove r 
3 131410 1 14 103 80 9 Bonilla No Cover 
5 1 7 3204 107 98 92 9 Bonilla Crop Residue 
5 1 7 3206 126 1 1 5  7 5  9 Bonilla Crop Residue 
5 1 7 3207 128 1 19 83 9 Bonilla Crop Residue 
5 17 3306 130 123 90 9 Bonilla Crop Residue 
3 160110  133  121  89  9 Bonilla Crop Residue 
3 1 7 1 2 1 3  123 109 80 9 Bonilla Crop Residue 
3 192401 104 1 1 1  85 9 Bonilla C.rop Residue 
3223502 127 1 14 98 9 Bonilla Crop Residue 
tclarno-Bonilla loams , 0 to 2 percent slopes 
#Film combinations 
1 Panchromatic ( 60Q- 700 nm) 
2 Panchromatic ( 50Q-700 nm) 
3 Infrared ( 700-900 nm) 
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Table 1 .  Continued . 
Film I 
1 2 3 Map 
ID . Uni t  Soil Land Cover 
5 190401 66 83 172  9 t  Bonilla Alf alf a 
3 153502 67 7 7  1 3 2  9 Bonilla Alf alfa 
3160108 69 108 124 9 Bonilla Alf alfa 
3 160202 87 92 128 9 Bonilla Alf alfa 
3 17 1 205 43 70  1 16 9 Bonilla Alf alf a 
3 192305 ' 71  78 1 43 9 Bonilla Alf alfa 
5093 2 1 5  9 3  100 140 9 Bonilla Alf alfa 
12 12104 64 77 1 1 4  9 Bonilla Alf alfa 
3021108 70 83 144 9 Bonilla Alf alf a 
5 15 2003 128 1 2 1  99  9 Bonilla Small Grain 
5 1 5 2105 122 1 13 106 9 Bonilla Small Grain 
5 162801 1 1 5  1 12 1 15 9 Bonilla Small Grain 
5 16 2805 1 15 109 106 9 Bonilla Small Grain 
5 162905 125 1 1 5  9 9  9 Bonilla Small Grain 
� 16 2908 129 122 1 14 9 Bonilla Small Grain 
5 17 32 17 120 1 16 108 9 Bonilla Small Grain 
5 17 32 2 1  1 26 120 1 1 0  9 Bonilla Small Grain 
5 17 3302 1 3 1  1 25 124 9 Bonilla Small Grain 
5 190409 1 18 1 1 3  9 6  9 Bonilla Small Grain 
5 19 0506 106 106 108 9 Bonilla Small Grain 
3 1 5 3602 106 101 1 17 9- Bonilla Small Grain 
3 17 1 204 91 107 108 9 Bonilla Small Grain 
3 18 1 4 1 0  8 9  1 0 1  8 7  9 Bonilla Small Grain 
3 18 1 4 1 5  124 1 10 99 9 Bonil la Small Grain 
32 1 2606 130 1 1 5  1 1 0  9 Bonilla Small Grain 
5051701  115  1 1 1  84 9 Bonilla Sma l l  Grain 
50932 1 3  120 120 95 9 Bonilla Small Graine 
1 2 43304 100 97 100 9 Bonilla Small Graine 
5 1 10402 1 1 1  106 74 1 0 §  Bonilla No Cover 
5 1 420 12 112 105 77  10 Bonilla No C over 
5 1629 1 1  124 1 1 6  86 10 Bonilla No Cove r  
3091 202 116  105  86 10 Bonilla No Cover 
3 18 1 304 113 100 75  10 Bonilla No Cove r 
3 18 1 407 121  108 84 10 Bonilla No Cover 
3 192 302 1 1 3  9 8  6 4  1 0  Bonilla No Cover 
t clarno-Bonilla 1oams , 0 to 2 percent sl opes 
§ c larno-Bonilla loams , 2 to 6 percent slopes 
#Film combinations 
1 Panchromatic ( 60Q- 7 00 nm) 
2 Panchromatic ( SOQ-7 00 nm) 
3 Infrared ( 70Q-900 nm) 
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Table 1 .  Continued . 
Film II 
1 2 3 Map 
ID . Uni t  Soi l  Land Cover 
3 192 306 1 00 88 55 lOt Bonil la No Cover 
3 031 3 1 3  1 1 3  102 63 10  Bonilla No Cover 
303 1 3 1 5  1 1 8  105 67 10 Bonil la No Cover 
3021 408 1 1 7  1 0 3  78 10 Bonilla No Cover 
3031 303 98 90 61 10 Bonilla No Cove r 
5 1 42 1 0 1  126 1 15 84 10 Bonilla Crop Res idue 
3 1 223 1 1  142  127 100 10  Bonilla Crop Res idue 
3 18 1 4 1 3  128 1 12 90 10  Bonilla C rop Res idue 
3 192 309 133 1 13 85 10 Bonil la Crop Residue 
5 10050 1  126 1 16 75  10  Bonil la C rop Res idue 
1 201705 140 1 28 101  10  Bonilla Crop Res idue 
3021 106 128 1 13 89 10 Bonilla Crop Res idue 
302 1 4 1 1  135 1 18 89 10  Bonilla C rop Res idue 
5 173223 129 1 18 85 10 Bonilla Crop Res idue 
3 1 22403 72 80 1 49 10  Bonilla Alf alf a  
5 1 10502 132 125 1 16 10  Bonilla Sma ll Grain 
5 1 10503 135 1 28 1 18 10  Bonilla Small Grain 
5 1 31 7 02 105 106 102 10 Bonilla Sma ll Grain 
5 1 42001 105 1 06 107 10 Bonil la Small Grain 
5 142010  1 1 2  1 17 107 10 Bonilla Small Grain 
5 173202 1 17 1 10 96  10  Bonilla Small Grain 
5 173224 1 15 1 1 1  102 10  Bonilla Small Grain 
3052502 104 102 103 10  Bonilla Small Grain 
3 10 1 4 1 4  122 108 102 10 Bonilla Small Grain 
3 18 1 40 1  96 9 5  1 16 10 Bonilla Small Grain 
3223507 126 1 1 3  1 1 4  10 Bonilla Small Grain 
1 2 22902 101 9 5  9 1  1 0  Bonilla Smal l  Grain 
303 1 3 1 0  1 1 4  104 1 05 10  Bonilla Small Grain 
5 1 20802 122 1 1 3  7 7  9 § Clarno No Cove r 
5 1 52006 124 1 16 87 9 Clarno No Cove r 
5 1 52103 121 1 1 2  83 9 Clarno No Cover 
5 1 62803 1 1 6  109 78 9 Clarno No Cove r 
5 17 3 2 1 0  1 1 5  108 70 9 Clarno No Cove r 
5 173 303 1 13 109 80 9 Clarno No Cover 
5 183301 1 19 109 73 9 Clarno No Cove r 
tClarno-Bonilla loams , 2 to 6 percent slopes 
§ Clarno-Bonilla loams , 0 to 2 percent slope s 
#F ilm combinations 
1 Panchromatic ( 600-7 00 nm) 
2 Panchromatic ( 500-7 00 nm) 
3 Infrared ( 70Q-900 nm) 
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Table 1 .  Continued . 
Film II 
1 2 3 Map 
ID . Unit Soil Land Cover 
5 190404 1 10 104 6 8  9t Clarno No Cove r 
5 190406 1 13 105 70 9 Clarno No Cove r 
5 190407 1 2 1  1 1 3 90  9 Clarno No Cove r 
5 190504 109 101  65  9 Clarno No Cover 
3 132501 1 18 103 70  9 Clarno No Cove r 
3 160105 1 17 105 8 0  9 Clarno No Cove r 
3 1601 1 2  9 0  8 3  5 6  9 Clarno No Cove r 
3 160205 129 1 1 4  85 9 Clarno No Cover 
3 1 7 1 1 0 1  1 2 3  108 75  9 Clarno No Cove r 
3 17 1 1 04 1 19 1 03 7 3  9 Clarno No Cover 
3 17 1 2 0 1  107 99 68 9 Clarno No Cover 
5 1 10507 128 1 20 81 9 Clarno No Cove r 
3212603 1 1 4  9 9  65  9 Clarno No Cover 
3223503 123 107 78 9 Clarno No Cove r 
5062001 124 1 1 3  7 5  9 Clarno No Cover 
5082902 1 1 4  1 1 1  57  9 Clarno No Cover 
1 2 1 2102 1 1 0  103 81 9 Clarno No Cover 
1 2 43203 102 1 00 64  9 Clarno No Cove r 
3021202 1 1 7  1 05 82 9 Clarno No Cover 
3031 4 1 1 1 1 2  1 00 87  9 Clarno No Cove r 
3 192301 125 1 04 7 1  10 § Clarno No Cove r 
3 18 1 406 132 1 1 3  107 10 Clarno No Cover 
3192305 104 90 57 10  Clarno No Cove r 
5 1 10401 1 1 6  109 80 10 Clarno No Cover 
3181 305 1 1 9  105 78 10 Clarno No Cover 
5 1 4201 1  121  1 1 3  83 10 Clarno No Cove r 
5 1629 1 0  1 1 7  1 12 84 10 Clarno No Cove r  
303 1 3 1 4  1 1 7  1 04 65  10  Clarno No Cove r 
303 1 3 1 6  120 1 06 68 10 Clarno No Cover 
3091 203 122 1 09 92 10 Clarno No Cove r 
3 1 3 1304 106 96 64 10  Clarno No Cove r 
3021409 1 2 1  1 04 80 10 Clarno No Cover 
3 1 22308 117  105  71  1 1 1T  Clarno No Cover 
1 2 12004 1 1 2  105 74  1 1  Clarno No Cove r 
1 222803 107 97 73 11 Clarno No Cover 
tclarno-Bonilla loams , 0 t o  2 percent slopes 
§ Clarno-Bonilla loams , 2 to 6 percent slopes 
1T C larno-Crossplain-Davi son complex , 0 to 3 percent slopes 
#Film combination 
1 Panchromatic ( 600-700 nm) 
2 Panchromatic ( 500-700 nm) 
3 Infrared ( 700-900 nm) 
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Table 1 .  Continued . 
Film I 
1 2 3 Map 
ID . Unit Soi l  Land Cover 
3 18 1 30 1  1 18 106 80 1 1 t  Clarno No Cove r 
3 17 1 1 04 1 1 9  103 73 1 1  Clarno No Cove r 
1 030804 101  1 00 6 7  1 1  Clarno No Cove r 
1 100804 107 1 00 6 7  1 1  Clarno No Cove r 
1 041606 100 82 62 1 1  Clarno No Cove r 
3 19231 2  127 1 06 84 1 3 § Clarno No Cove r 
321 2609 135 1 16 85  13  Clarno No Cove r 
5 100506 1 22 1 16 80 13  Clarno No Cove r 
3 17 1 2 1 2  96 93 67 13 Clarno No Cove r 
3 132602 1 1 3  1 0 1  7 0  13  Clarno No Cover 
3031403 1 16 99  84 13  Clarno No Cove r 
3021 203 1 09 1 03 90 13 Clarno No Cove r 
302 1 1 1 0  1 1 4  103 80 13  Clarno No Cover 
3 1 22303 1 16 1 09 72 13  Clarno No Cove r 
3073508 1 1 3  1 03 70  13  Clarno No Cove r 
5072100 107 81 63 13 Clarno No Cove r 
5 082805 1 16 1 08 57 1 4 �  Clarno No Cover 
5 0828 07 109 1 08 1 1 5  14  Clarno No Cove r 
5 092204 1 1 0  102 60  14  Clarno No Cove r 
5093208 127 1 2 1  8 1  14  Clarno No Cove r 
1 2 43302 102 98 68 14  Clarno No Cover 
3042302 1 1 6  1 05 7 8  14  Clarno No Cove r 
302 1 1 04 1 1 6  182 82 14 Clarno No Cove r 
302 1 4 1 3  9 9  92 93 14 Clarno No Cove r 
3 18 1 307 89 80 93 14 Clarno No Cove r 
3 1 53507 127 108 84  14  Clarno No Cover 
3 16 1 206 125 1 06 79  14  Clarno No Cove r 
3073605 1 19 1 00 67  14 Clarno No Cover 
3080202 104 1 05 80 14 Clarno No Cove r 
3042304 1 1 4 95 76  14 Clarno No Cover 
5 1629 0 1  133 1 2 1  8 5  14  Clarno No Cover 
5 1 316 02 138 126 96 14 Clarno No Cove r 
5 1 31 604 123 1 19 101 14  Clarno No Cove r 
5 1 31606 1 18 1 1 1  89 14  Clarno No Cove r 
5 17 3203 129 1 17 17 7 9tt Clarno Crop Res idue 
t Clarno-Cross plain-Davi son comlex , 0 to 3 percent slopes 
§ Clarno-E than 1oams , 2 to 6 percent slopes 
� Clarno-Ethan loams , 5 to 9 percent sl opes 
ttClarno-Bonilla loams , 0 to  2 percent slopes 
#Film combinations 
1 Panchroma tic ( 600-700 nm) 
2 Panchromatic ( SOQ-700 nm) 
3 Infrared (70Q- 900 nm) 
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Table 1 .  Continued . 
Film ' 
1 2 3 Map 
ID . Unit Soi l  Land Cover 
5 17 3205 134 124 85 9 t  Clarno Crop Res idue 
5 17 32 08 141  1 28 91  9 Clarno Crop Residue 
5 173305 138 124 92 9 Clarno Crop Res idue 
3 160109 128 1 1 1  82 9 Clarno Crop Residue 
3 17 1 2 1 4  1 1 7  1 1 7  87 9 Clarno Crop Residue 
3 192402 134  1 2 0  100 9 Clarno Crop Residue 
3223501 137 1 22 87 9 Clarno C rop Residue 
5 1 42 102 130 1 18 85 10 § Clarno Crop Residue 
� 18 1 4 1 2  1 3 5  1 18 89 10 Clarno Crop Residue 
3 19 2 3 1 0  134 1 1 5  92 10 Clarno Crop Res idue 
3 12231 2  149 1 3 1  104 10 Clarno Crop Residue 
5 173222 141  127  93  1 0  Clarno Crop Residue 
1 2017 04 141  1 28 97  10 Clarno Crop Residue 
302 1 1 05 137 120 99 10 Clarno Crop Res idue 
5 1 00502 128 1 17 76  10 Clarno Crop Residue 
3021410 140 1 2 1  92 10 Clarno Crop Residue 
3052603 1 1 4  102 60 1211 Clarno Crop Res idue 
3073603 126 1 1 1  86 13tt Clarno Crop Res idue 
3 1 22393 1 3 1  1 1 6  8 6  13  Clarno Crop Res idue 
3 1 32503 129 1 1 2  82 13  Clarno Crop Res idue 
3 132609 134 1 16 88 13 Clarno Crop Residue 
1 17 0501  115  105 66 13 Clarno Crop Residue 
3031305 1 17 1 05 73  13  Clarno Crop Res idue 
5 1629 1 3  15 1 137 105 14 § §  Clarno C rop Residue 
5 093209 141 129 92 14 Clarno Crop Residue 
5 190402 69 85 140 9t Clarno Alf alfa 
3 153501 75  80 1 17 9 Clarno Alf alf a 
3 160107 75  1 1 5  120 9 Clarno Alfalfa 
3 160203 91 94 124 9 Clarno Alfalfa 
3 17 1 206 56 81 1 1 3  9 Clarno Alf alf a 
3 192 303 81 85  138 9 Clarno Alf alfa 
5 0932 1 6  100 106 131 9 Clarno Alf alfa 
1 2 1 2 103 65 80 142 9 Clarno Alf alfa 
3021 107 76 87 148 9 Clarno Alfalfa 
3 1 22402 76  86 140 10 § Clarno Alfalfa 
1 1 32006 77 86 1 1 6 1 111 11  Clarno Alfalfa 
2582801 80 87 135 11  Clarno Alf alfa 
t Clarno-Bonilla 1oams , 0 to 2 percent slopes #Film combinations 
§ Clarno-Bonilla loams , 2 to 6 percent slopes 1 Panchroma tic 
� Clarno-Davison loams , 2 to 5 percent slopes ( 60Q-700 nm) 
tt Clarno-Ethan loams , 2 to 6 percent slopes 2 Panchroma tic 
§ § Clarno-E than loams , 5 to 9 percent sl opes ( 50Q-700 nm) 
� � Clarno-Crossplain-Davi son complex , 0 to 3 3 Infrared 
percent slopes ( 7 00-900 nm) 
Table 1 .  Continued . 
Film I 
1 2 3 Map 
ID . Unit 
2532103 73 86 136 1 1 t  
12 1 2009 83 84 139 11  
3 5 32 1 06 76 88 1 40 1 1  
2 5 1 3401  80  88  126  11  
2 5 4 1602 74 87 1 2 6  1 1  
3080101  78  85 137 1 3 § 
3032302 1 12 88 1 28 13  
30802 1 0  92 92 124 13  
3 1 22302 82 87 1 1 1  1 3  
3 1 6 01 04 71  7 8  1 27 1 3  
3 2 1 2601  93 88 122  13 
50517 04 86 94 1 2 5  1 3  
302 1 1 0 1  9 1  95  126  141r  
3021402 60 73  1 2 5  14  
3091 1 1 1  69 7 6  74  1 4  
307 3507 74 85 1 4 5  14  
5 1 5 2001 103 107 1 3 5  14  
5 100402 139 1 3 1  1 1 5  10tt 
5 1 7 32 1 9  1 1 2  109 1 16 10 
3 10 1303 1 17 101  73  10 
1 1 21701  104 105 1 00 1 l t 
3 10 1405 92 92 1 2 1  13 § 
3 1 7 1 2 10 103 101  1 17 1 3  
3 1 32608 1 1 6  104 1 1 2  14 1r 
3 16 01 02 109 100 1 20 14  
1 243208 1 1 1  108 1 1 6 1 4  
3081 206 106 98 1 1 2  1 4  
303 1 4 1 2  1 2 1  1 1 2  1 4 1  1 4  
5 1 5 21 04 130 122 1 14 9 § §  
5 1 6 2802 1 19 1 14 1 1 2 9 
5 16 2807 125 1 16 1 09 9 
5162906 132 121  101 9 
5 16 2909 134 124 1 18 9 
5 17 32 1 6  128 120 1 1 1  9 
517 3220 128 123  1 13 9 
tClarno-Crossplain-Davi son comlex , 
0 to 3 percent slopes 
§Clarno-E than loams , 2 to 6 percent slopes 
�C larno-E than loams , 5 to 9 percent sl ope s  
ttClarno-Bonil la loams , 2 to 6 percent slopes 
§ § C larno-Bonil la loams , 0 to 2 percent slopes 
Soi l  
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
Clarno 
90 
Land Cover 
Alf alfa 
Alfalf a 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alf alfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alfalfa 
Alf alf a  
Alfalfa 
Pas tur e  
Pas tur e  
Pas ture 
Pas tur e  
Pas tur e  
Pas ture 
Pas tur e  
Pas ture 
Pas tur e  
Pas ture 
Pas tur e  
Small Grain 
Small Grain 
Small Grain 
Small Grain 
Small Grain 
Small Grain 
Small Grain 
#F ilm combinat ions 
1 
2 
3 
Panchromatic 
( 60Q-700 nm 
Panchromatic 
( SOQ-700 nm) 
Infrared 
( 7 00-900 nm) 
9 1  
Table 1 .  Continued . 
Film II 
1 2 3 Map 
ID . Unit Soil Land Cover 
5 17 3301 136  1 29 128 9t Clarno Small Grain 
5 1904 1 0  124 1 1 5 95 9 Clarno Small Grain 
31 53601 109 1 03 1 1 4 9 Clarno Small Grain 
3 17 1 203 101 1 13 109 9 Clarno Small Grain 
3 182 409 1 1 4  1 04 83 9 Clarno Small Grain 
3 18 1 4 1 4  130 1 18 109 9 Clarno Small Grain 
3212607 133 120 1 1 1  9 Clarno Small Grain 
5051702 1 1 7  1 1 1  83 9 Clarno Small Grain 
5093 2 1 4  128 1 14 93 9 Clarno Small Grain 
1 243303 106 1 02 101 9 Clarno Small Grain 
3031 309 1 1 9  1 10 109 10 § Clarno Small Grain 
5 1 10501  138 1 30 120 10 Clarno Small Grain 
5 1 10504 139 1 3 1  1 2 1  10  Clarno Small Grain 
3052501 108 103 100 10 Clarno Small Grain 
'3073505 104 99 1 1 2  1 0  Clarno Small Grain 
5 1 7 3225 125 1 17 1 1 1  1 0  Clarno Small Grain 
5 13 1 7 0 1  1 1 2  1 10 109 10 Clarno Small Grain 
5 1 42002 1 1 0  1 10 109 10 Clarno Small Grain 
5 1 42009 124  121  105 10 Clarno Small Grain 
1 22290 1  107 97  93 10  Clarno Small Grain 
3223508 1 3 1  1 17 1 10 10 Clarno Small Grain 
3 18 1 402 104 1 00 110  10 Clarno Sma l l  Grain 
5 17 3201  124 1 17 99 10 Clarno Small Grain 
3 1 22316 1 1 1  106 1 1 6  131f Clarno Small Grain 
3080203 91 101  112  1 3  Clarno Small Grain 
3 192404 103 95  103 13  Clarno Small Grain 
3 101401 101 103 97  13  Clarno Small Grain 
1090402 1 1 5  106 103 13 Clarno Small Grain 
1 243206 108 1 06 103 13 Clarno Small Grain 
5 1732 1 1  1 1 5  106 86 13 Clarno Small Grain 
3031 307 109 1 10 102 13 Clarno Small Grain 
3031 3 1 1  126 109 96 13  Clarno Small Grain 
t Clarno-Boni lla loams , 0 to 2 percent slopes 
§ Clarno-Boni lla loams , 2 to 6 percent sl ope s 
1r Clarno-E than loams , 2 to  6 percent sl opes 
#Film combinations 
1 Panchromatic ( 600-700 nm) 
2 Panchromatic ( 500-700 nm) 
3 Infrared ( 70Q-900 nm) 
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Table 1 .  Continued . 
Film II 
1 2 3 Map 
ID . Unit Soil Land Cover 
3 032304 1 10 1 12 86 1 3 t  Clarno Small Grain 
5 17 32 1 4  1 10 106 81 13 Clarno Smal l  Grain 
5 1 10405 1 36 1 24 108 14 § Clarno Small Grain 
5 1 10404 1 32 122  102 14 Clarno Small Grain 
3042301 1 10 102 109 14 Clarno Small Grain 
3 053509 1 27 1 1 4 101  14 Clarno Small Grain 
5 062006 129 1 2 1  1 1 6  1 4  Clarno Small Grain 
5093302 130 1 18 84  14 Clarno Small Grain 
1 243306 1 15 1 02 97  14  Clarno Small Grain 
1 2 1 2002 108 104 71 1 1 1l Cros s plain No Cover 
3 1 22306 1 10 101  64  11  Cros s plain No Cover 
3 18 1 303 1 1 4  1 0 1  7 3  1 1  Cros s plain No Cover 
1 2 2280 1  106 9 5  7 1  1 1  Cros s plain No Cover 
3 1 7 1 106 121  107  76 11 Cros s plain No Cover 
1 030803 97 94 64 1 1  Cros s plain No Cover 
1 100802 102 9 7  6 5  1 1  Cros s plain No Cover 
1 041605 89 92  64 1 1  Cros s plain No Cover 
5 1 52 1 0 1  1 1 2  105  68  1 5 tt Cros s plain No Cover 
3 153505 108 9 6  6 4  1 5  Cros s plain No Cover 
5082803 1 1 6  1 1 3 56 15 Cros s plain No Cover 
3042405 95 8 9  60 1 5  Cros s plain No Cover 
3031 409 1 13 103 108 15 Cros s plain No Cover 
1 1 32008 70 83 1 26 1 1 1l Cros s plain Alfalfa 
2582803 68 83 137 1 1  Cros s plain Alfalfa 
2532101  71  85  148 1 1  Cros s plain Alfalfa 
3 532 105 6 7  83  150 1 1  Cros s plain Alfalfa 
3 5 22802 68 8 5  1 5 1  1 1  Cros s plain Alf alf a  
2 5 13403 7 7  84  1 28 1 1  Cros s plain Alf alfa 
2 541603 66 80 131  1 1  Cros s plain Alf alfa 
1 2 12008 71 83  138  1 1  Cros s plain Alfalfa 
3 122307 122 107 72  1 1  Davi son No Cover 
3 17 1 1 05 134 1 17 83 1 1  Davi son No Cover 
3 18 1 302 130 1 1 2  82 11 Davison No Cover 
1 2 12003 1 19 1 1 2  7 9  1 1  Davi son No Cover 
1 2 22802 1 1 2  1 0 5  7 8  1 1  Davi son No Cove r 
1 030805 108 102 69 11 Davi son No Cove r 
1 100803 1 22 1 12 85 11 Davi son No Cove r 
1 041607 109 104 7 7  1 1  Davison No Cove r 
1 100807 82 88 125 11  Davison Alfalfa 
tclarno-Ethan loams , 2 t o  6 percent sl ope s #F ilm combinat ions 
§Clarno-E than loams , 5 to 9 percent sl opes 1 Panchromatic  ( 600-700 nm) 
1lClarno-Cross plain-Davi son complex , 2 Panchroma tic ( 5 00-700 nm) 
0 to  3 percent slopes 3 Infrared ( 7 0Q-900 nm) 
ttcros splain clay loam <.. 
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Table 1 .  Continued . 
Film I 
1 2 3 Map 
ID . Unit Soil Land Cover 
1 1 32007 79  88 1 18 1 1 t Davi son Alf alf a 
2 5 82802 82 87  128 1 1  Davi son Alfalfa 
2 5 32 1 02 78 9 1  1 34 1 1  Davi son Alfalf a  
3532 104 102 104 129 1 1  Davi son Alfalfa 
3 5 22801 74 88 141  1 1  Davi son Alf alfa 
2 5 13402 86 90 125 1 1  Davi son Alfalf a  
2541601 83 90  124  11  Davi son Alf alfa 
1 2 12007 94 9 1  1 3 3  1 1  Davi son Alfalf a 
1 1 63205 80 87 129 1 1  Davi son Alfalfa 
1 06290 1  133 1 20 81 13 § E than No Cover 
307359 126 1 1 4  81 1 3  E than No Cove r 
3 1 22304 145 126  91  1 3  E than No Cover 
3 1 32601 120 105 72 13 E than No Cover 
1 072303 100 96 77  13  E than No Cover 
3 031 404 121  107 86 13 E than No Cove r 
3 02 1 1 09 131  1 18 92 1 3  E than No Cover 
3 021 204 128 1 14 96 1 3  Ethan No Cover 
5 072002 120 88 73  13  E than No Cove r 
5 100505 133 127  89  13  Ethan No Cover 
3 17 1 2 1 1  106 100 75 1 41T E than No Cover 
3 1923 1 1  141 1 18 92 1 4  E than No Cover 
3 2 1 2608 150 127 89 14 E than No Cover 
3 2 23505 144 126  98  14  ' Ethan No Cover 
3223506 1 19 1 10 89 14 Ethan No Cover 
3 042301 1 46 1 25 92 14  E than No Cover 
1 083302 1 27 1 12 84 1 4  E than No Cover 
5 1 31 603 164 149 1 19 14  E than No Cover 
5 1 3 1 6 05 148 133  103 14  E than No Cover 
5 1629 02 139 124  87  1 4  Ethan No Cover 
5 1 31 6 01 163 150 1 10 14  E than No Cover 
3042303 127 1 08 80 14 E than No Cover 
1 1808 06 136 123 97 14 Ethan No Cover 
30736 04 125 1 1 3  85 14 Ethan No Cover 
3080201 1 19 1 19 95 14  Ethan No Cover 
3 1 5 3506 148 127 101  14  Ethan No Cover 
t Clarno-Cros splain-Davi son complex , 
0 to 3 percent slopes 
§ Clarno-Ethan loams , 2 to  6 percent sl opes 
1T C larno-Ethan loams , 5 to  9 percent sl opes 
#Film combinations 
1 Panchromatic ( 600-7 00 nm) 
2 Panchromatic ( 500-700 nm) 
3 Infrared (70Q-900 nm) 
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Table 1 .  Continued . 
Film I 
1 2 3 Map 
ID . Unit Soil Land Cover 
3 160207 134  1 22 91 1 4 t  E than No Cover 
5 0828 04 127 1 2 1  65  1 4  Ethan No Cover 
5 082806 1 1 4  1 1 1  1 1 1  1 4  E than No Cover 
5 093203 129 120 70 14  E than No Cove r 
5 093207 133 122 77 14 E than No Cover 
5 0933 0 1  147 1 34 91 14 Ethan No Cover 
1 2 43301 129  1 18 89 14 Ethan No Cover 
3021 103 1 5 1  1 32 100 14  E than No Cover 
3021412 1 19 104 96 14  Ethan No Cover 
3 293 506 124 1 09 77 20 § E than No Cover 
3 293603 1 13 1 02 78 20 Ethan No Cover 
1 323205 126 1 13 7 9  2 0  Ethan No Cover 
5 040805 1 1 9  123  94  20  Ethan No Cover 
1 250501 1 1 1  101  73 20 Ethan No Cover 
3 272305 135 1 18 86 20 Ethan No Cover 
1 282002 120 1 13 79  20 Ethan No Cover 
1 27 1 7 03 1 1 1  1 0 1  7 0  20 Ethan No Cover 
1 302909 1 14 102 73 241f Ethan No Cover 
3 29 3 5 07 1 28 1 10 81 24 Ethan No Cover 
3 282502 1 46 1 23 97 24 Ethan No Cover 
1 323212 131 1 16 7 9  24 E than No Cover 
3 282504 1 6 1  1 37 1 1 0  2 4  E than Crop Residue 
3073602 1 6 1  1 41 109 13tt Ethan Crop Residue 
3 1 22 3 10 154 1 34 102 13  Ethan Crop Residue 
303 1306 132 1 16 82 13  Ethan Crop Residue 
3 132504 1 46 1 2 3  95  13  Ethan Crop Residue 
1 17 0502 127 1 14 7 4  1 3  Ethan Crop Residue 
3 1 32610  1 46 1 2 5  9 7  1 3  Ethan Crop Residue 
5 0932 10 155  1 42 105 14t E than Crop Residue 
1 1 00904 134 1 19 91  14  E than Crop Res idue 
5 16 29 1 2  173 153 122 14 Ethan Crop Residue 
1 1 42902 97 98 134 13tt E than Alfalfa 
1 1 42905 80 86 128 13 Ethan Alfalfa 
1 17 0402 1 1 1  1 16 120 13 Ethan Alfalfa 
3032301 1 18 99 116  13  Ethan Alfalfa 
tClarno-Ethan loams , 5 to 9 percent sl opes 
§ Egan-E than complex , 2 to 6 percent slopes 
1fE than-Egan complex , 5 t o  9 percent sl opes 
ttClarno-Ethan loams , 2 to 6 percent sl ope s 
#F ilm combinations 
1 Panchromatic ( 60Q-700 nm )  
2 Panchromatic ( 500-700 nm) 
3 Infrared (700-900 nm) 
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Film II 
1 2 3 Map 
ID . Unit Soil Land Cover 
3 1 22301 99 97 109 1 3 t  Ethan Alf alfa 
3 1 60103 72 79 123  1 3  E than Alfalf a  
3 2 1 2602 1 19 105 120 13  E than Alfalfa 
5 059703 97 1 02 122 13  Ethan Alf alf a 
3080102 81 87  144 1 3  Ethan Alfalfa 
30802 1 1  101 98 173  1 3  Ethan Alfalfa 
5 1 52002 1 17 1 19 133 14 § Ethan Alfalfa 
3073506 79 90 140 14 Ethan Alfalfa 
3091 1 10 7 5  8 0  7 8  14  Ethan Alf alfa 
3021 102 1 1 1  1 06 122 14 Ethan Alf alfa 
3 29 3 509 94 93 123 20 � Ethan Alf alfa 
5 0408 02 82 101  125 20 Ethan Alfalfa 
1 3 23304 107 103 123 20 Ethan Alf alfa 
5 0829 05  102 107 123  23tt Ethan Alfalfa 
3031406 93 1 0 1  130 23 Ethan Alfalfa 
3 293 5 1 1  106 9 9  123 24 § § Ethan Alf alfa 
3 17 1 209 107 104 120 1 3 t  Ethan Pas tur e  
3 10 1404 1 06 9 9  1 10 1 3  Ethan Pas tur e  
1 17 0508 1 16 1 10 122 1 3  Ethan Pasture 
1 090403 97 98 1 1 2  1 4 § Ethan Pas ture 
1 1 21603 1 26 120 109 1 4  Ethan Pas ture 
1 16 3207 1 04 9 9  1 16 14  Ethan Pas ture 
3 08 0205 1 18 104 1 14 1 4  Ethan Pas ture 
3 132607 123 109 1 12 1 4  Ethan Pas ture 
3 160101  1 1 1  1 0 1  1 13 1 4  Ethan Pas ture 
1 243207 · 1 12 108 1 1 3  1 4  Ethan Pas ture 
303 1413  135 1 2 1  1 3 5  1 4  Ethan Pas ture 
3091 1 12 128 1 1 4  127 23 tt Ethan Pas ture 
3 15 36 04 1 09 102 123 23 Ethan Pas ture 
5 0408 04 1 1 2  1 14 1 04 23 Ethan Pas ture 
5 093 2 1 1  1 18 1 15 132 23 Ethan Pas ture 
3031407 1 1 6  1 08 145 23 Ethan Pas tur e 
1 3029 06 121 1 12 120 24 § §  Ethan Pas ture 
5 17 32 1 2  131  125  105 13 t Ethan Small Grain 
5 17 32 1 3  1 1 5  107 82 1 3  Ethan Small Grain 
tClarno-Ethan loams , 2 t o  6 percent slopes 
§ Clarno-Ethan loams , 5 t o  9 percent slopes 
�Egan-E than complex , 2 t o  6 percent sl opes 
t tE than-Betts  loams , 6 to  1 5  percent sl opes 
§ § Ethan-Egan complex , 5 to  9 percent sl opes 
#Film combinat ion 
1 Panchromatic ( 600-700 nm) 
2 Panchromatic ( 500-700 nm) 
3 Infrared (70Q-900 nm) 
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Table 1 .  Continued . 
Film II 
1 2 3 Map 
ID . Unit Soil Land Cover 
3073502 134 1 18 100 1 3+ E than Small Grain 
3080204 1 15 1 1 6  1 1 6  1 3  E than Small Grain 
3 1 01402 136 122 101 13  E than Small Grain 
3 1 22315  121  1 1 4  120 13  E than Small Grain 
3 19 2403 120 106 105 13  Ethan Small Grain 
1 243205 1 1 5  1 12 106 13  E than Small Grain 
3 03 1 3 1 2  130 1 15 97 13 Ethan Small Grain 
3032303 124 1 24 96 13  E than Small Grain 
1 090401 133 1 19 1 12 13 Ethan Small Grain 
1 1 32102 123 1 1 5 99 13 E than Small Grain 
1 1 32 104 1 1 7  108 93 13 Ethan Small Grain 
1 1428 01 1 15 1 1 1  1 10 13 Ethan Small Grain 
303 1308 1 18 1 10 101  13  Ethan Small Grain 
1 1808 04 1 15 106 104 13  Ethan Small Grain 
1 180904 1 3 1  1 1 7  106 13 E than Small Grain 
1 243305 125 1 16 1 10 14 § E than Small Grain 
5 062007 141  132  1 18 14 E than Small Grain 
5 1 10403 137 125  107 1 4  E than Small Grain 
5 1 10506 1 5 7  1 4 7  1 2 2  14  E than Small Grain 
3042402 137 1 20 1 1 3  14  E than Small Grain 
1 17 0506 140 125 1 1 0  1 4  Ethan Small Grain 
3 153508 149 1 3 1  1 1 2  1 4  E than Small Grain 
1 323208 149 1 3 1  1 1 0 201r Ethan Small Grain 
3 26 1406 1 26 1 1 1  101 20 Ethan Small Grain 
3 26 1 4 1 2  1 1 7  109 1 1 5 20 Ethan Small Grain 
3 272307 . 1 42 123 103 20 Ethan Small Grain 
3 282 603 1 30 1 1 1  93 20 Ethan Small Grain 
1 0629 05 124  1 1 1  102 23tt E than Small Grain 
5 093201 1 40 128'  104 23 Ethan Small Grain 
303 1402 1 12 103 103 23 Ethan Small Grain 
3091 108 1 1 4  92 96 23 E than Small Grain 
3 293 502 148 1 3 1  1 0 1  24§ § Ethan Small Grain 
5 062101  136  123  91  24 E than Small Grain 
1 282 102 135  125 1 19 24 Ethan Small Grain 
1 3029 04 140 123 108 24 Ethan Small Grain 
+clarno-Ethan loams , 2 t o  6 percent slopes 
§ clarno-Ethan loams , 5 to 9 percent sl opes 
� Egan-E than complex , 2 t o  6 percent sl ope s 
t+E than-Bet t s  loams , 6 to  1 5  percent slopes 
§ § E than-Egan complex , 5 to  9 percent slopes 
#F ilm combinations 
1 Panchromatic ( 600-7 00 run) 
2 Panchromatic ( 500-7 00 run) 
3 Infrared ( 7 00-900 run) 
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Table 1 .  Continued . 
Film I 
1 2 3 Map 
ID . Uni t Soi l  Land Cover 
1 2017 03 93 9 1  5 6  28 + Tetonka Sma l l  Grain 
5 27 05 1 0  1 16 1 1 3  74 28 Tetonka Smal l  Grain 
5 28 0009 1 1 0  1 0 5  74  28 Tetonka Smal l  Grain 
5 301701  126  1 1 6  6 4  28 Tetonka Smal l  Grain 
5 322009 1 15 1 1 1  81 28 Tetonka Smal l  Grain 
5 322100 1 1 7  1 1 4  8 7  2 8  Tetonka Small Grain 
5 100509 1 1 4 1 1 1  80 28 Tetonka Smal l  Grain 
5 100510  127 1 2 1  93 28 Tetonka Sma l l  Grain 
5 1 20801 
... 
127 1 1 7  7 8  28 Tetonka Smal l  Grain 
3080103 98 89 65 28 Tetonka Small Grain 
3091 201  104 94 66 28 Tetonka Sma l l  Grain 
3 1 22305 1 12 104 68 28 Tetonka Smal l  Grain 
3 1 22401 124 1 1 3  96 28 Tetonka Smal l  Grain 
3 1 5 3503 106 98 58 28 Tetonka Smal l  Grain 
'3 153504 1 1 1  9 7  6 1  28 Tetonka Smal l  Grain 
3 18 1 306 9 5  8 9  5 7  28 Tetonka Sma l l  Grain 
3 261 7 09 124  1 1 1  82 28 Tetonka Small Grain 
5 082904 1 1 4  1 1 1  53 28 Tetonka Sma l l  Grain 
1 2 12001 1 1 1  108 71 28 Tetonka Smal l  Gr ain 
1 2 228 04 85 80 5 1  2� Tetonka Smal l  Grain 
5 280008 1 18 1 12 89 28 Tetonka Crop Res idue 
3 073601 1 13 105 81 28 Tetonka Crop Res idue 
3 080209 120 106 78 28 Tetonka Crop Res idue 
3 1 223 13  134  1 2 1  8 6  28 Tetonka Crop Res idue 
3 18 1 405 . 1 33 1 1 6  8 5  28 Te tonka Crop Res idue 
3 2 12605 1 33 1 1 4  82 28 Tetonka Crop Res idue 
1 323201 108 107 62  28 Te tonka Crop Residue 
5 3017 02 112  1 13 82 30 § Wor thing No Cover 
5 3017 06 1 1 1  109 79 30 Worthing No Cover 
5 2 1 1401 104 103 70 30 Worthing No Cover 
5322002 1 1 1  109 73 30 Worthing No Cover 
5 3229 06 108 106 71 30 Wor thing No Cover 
5 3228 01  104 105 77  30 Worthing No Cover 
tTetonka silt loam 
§Worthing silty clay loam 
UFilm combination 
1 Panchromatic ( 600-700 nm) 
2 Panchromatic ( 500-700 nm) 
3 Infrared ( 70Q-900 nm 
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Film II 
1 2 3 Map 
ID . Unit Soil Land Cover 
3 042305 93 92 57  30t  Worthing No Cover 
3 29 3 5 0 1  9 7  9 2  54 30 Worthing No Cover 
1 2229 03 94 89 55  30 Worthing No Cover 
1 260907 100 97 66  30 Worthing No Cover 
1 323301 8 1  8 1  44 30 Worthing No Cover 
5 322001 144 137 106 30 Worthing Pas ture 
3 052602 89 84  6 3  3 0  Worthing Pas ture 
3073501  108 1 00 91  30 Worthing Pas ture 
3080104 1 0 1  90  90  30 Worthing Pas ture 
3261 404 9 5  94  1 23 30 Worthing Pas ture 
3 26 1 410  142  127 1 15 30 Worthing Pas ture 
5051603 9 6  9 8  75  30  Worthing Pas ture 
1 1 32001 91 92 105 30 Worthing Pas ture 
1 323207 1 3 1  1 18 96 30 Worthing Pas ture 
1 323210 108 1 1 0  1 1 3  3 0  Worthing Pas ture 
3091 107 102 94  108 S §  Betts Pas ture 
1 072802 109 107 1 20 5 Betts Pas ture 
1 062909 102 98 122 5 Betts Pas ture 
3091 1 1 3 132  122 122 23� Betts Pas ture 
3 101 302 127 1 1 6  121  23  Betts Pas ture 
3 1 53603 1 1 1  104 120 23  Betts Pas ture 
3080208 1 2 3  108 101 23 Betts Pas ture 
5 040803 1 15 120 105 23 Betts Pas ture 
5093 2 1 2  1 2 7  1 20 1 1 5  2 3  Betts Pas ture 
303 1408 129 1 18 1 40 23 Bet ts Pas ture 
3091 109 149 1 2 1  1 1 4  23  Betts Small Grain 
5 093202 1 5 5  1 39 107 23 Betts Small Grain 
1 062906 142 129 1 10 23  Betts Small Grain 
5 093202 1 5 5  139 107 23  Betts Small Grain 
tworthing silty clay loam 
§ Betts-Talmo complex , 12 to 40 percent slopes 
�E than-Betts loams , 6 to 1 5  percent slopes 
#Film combinations 
1 Panchromatic ( 600-700 nm) 
2 Panchromatic ( 500-7 00 nm) 
3 Infrared ( 700-900 nm) 
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STATISTICS BY SOIL AND LAND COVER 
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Table 1 .  Statis t i cs by cover and soils on t.mdula ting landscape s . 
S tandard Minimum Maximum S td . error 
Filmt N Mean deviation value value of mean c . v . 
----- -------------------Bare Soil--Bonilla------------------- -------
1 12  113 . 0  7 . 6 
2 12  102 . 2  7 . 6 
3 12 72 . 5  1 0 . 4  
98 . 0  124 . 0  2 . 2 6 . 7 
88 . 0  1 16 . 0  2 . 2 7 . 4 
55 . 0  86 . 0  3 . 00 1 4 . 3  
--------------------------Bare Soil--C larno---------------------------
1 41 1 16 . 2  10 . 5  
2 41 105 . 0  9 . 7 
3 41  79 . 5  1 2 . 9  
89 . 0  138 . 0  1 . 6 9 . 0  
80 . 0  126 . 0  1 . 5 9 . 2 
57 . 0  1 1 5 . 0  2 . 0 16 . 2  
--------------------------Bare Soil--E than----------------------------
1 47 130 . 2  14 . 2  100 . 0  164 . 0  2 . 1 1 0 . 9  
2 4 7  1 1 6 . 9  1 2 . 3  88 . 0  150 . 0  1 . 8 10 . 5  
3 47 87 . 0  1 1 . 7  65 . 0  1 19 . 0  1 . 7 1 3 . 4  
-------------------------Bare So il--Worthing--------------------------
1 1 1  101 . 6  9 . 7  81 . 0  1 1 2 . 0  2 . 9 9 . 5 
2 1 1  99 . 6  10 . 1  81 . 0  1 1 3 . 0  3 . 0 10 . 1  
3 1 1  66 . 2  12 . 1  44 . 0  82 . 0  3 . 7  18 . 3  
-------------------crop Residue--Bonilla-------------------------
1 9 131 . 9  6 . 0 126 . 0  142 . 0  2 . 0 4 . 5 
2 9 117 . 8  5 . 9  1 12 . 0  128 . 0  2 . 0 5 . 0 
3 9 88 . 7  8 . 1  7 5 . 0  101 . 0  2 . 7 9 . 1  
------------------------C rop Residue--Clarno--------------------------
1 17 134 . 1  9 . 8 1 1 4 . 0  1 5 1 . 0  2 . 4 7 . 3 
2 17  1 19 . 2  8 . 9  105 . 0  137 . 0  2 . 2 7 . 5 
3 17 88 . 5  10 . 4  66 . 0  105 . 0  2 . 5 1 1 . 7  
-------------------------Crop Residue--E than--------------------------
1 10 148 . 9  14 . 7  1 27 . 0  173 . 0  4 . 6  9 . 9 
2 10 130 . 4  1 2 . 9  1 14 . 0  153 . 0  4 . 1  9 . 9 
3 10 98 . 7  14 . 1  7 4 . 0  122 . 0  4 . 5  14 . 3  
----- ---------------------Alf alfa--Clarno----------------------------
1 13  83 . 6  14 . 5  60 . 0  1 1 2 . 0  4 . 0  17 . 3  
2 13 87 . 2  8 . 9  73 . 0  107 . 0  2 . 5 10 . 2  
3 13 124 . 5  1 7 . 5  74 . 0  145 . 0  4 . 9  14 . 1  
---------------------------Alfalfa--Ethan---- ------------------------
1 20 97 . 1  14 . 8  72 . 0  119 . 0  3 . 3  15 . 3  
2 20 98 . 3  10 . 4  7 9 . 0  1 19 . 0  2 . 3  10 . 6  
3 2 0  1 2 5 . 5  1 7 . 3  78 . 0  1 7 3 . 0  3 . 9 13 . 8  
tFilm combination 
1 Panchromat ic ( 600-7 00 nm) 
2 Panchroma tic ( SOQ-700 nm) 
3 Infrared ( 7 0Q-900 nm) 
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Table 1 --. cont inued 
S tandard Minimum Maximum S td .  error 
Filmt N Mean deviation value value of mean c.v.  
-- -----------------Pas tur e--C larno---- -------------------
1 9 109 . 7  8 . 7  92 . 0  121 . 0  2 . 9 7 . 9 
2 9 102 . 8  6 . 2  92 . 0  1 1 2 . 0  2 . 1  6 . 0 
3 9 1 1 4 . 2  17 . 8  73 . 0  14 1 . 0  5 . 9 1 5 . 5  
---------------------------Pas ture--E than-----------------------------
1 17 1 1 5 . 2  9 . 6  97 . 0  135 . 0  2 . 3 8 . 3 
2 17 108 . 3  7 . 4 98 . 0  121 . 0  1 . 8 6 . 8 
3 17 1 1 9 . 2  10 . 6  104 . 0 145 . 0  2 . 6 8 . 1  
--------------------------Pas ture--Worthing-------------------------
1 12 1 1 2 . 0  19 . 8  89 . 0  144 . 0  5 . 7 1 7 . 7  
2 12 106 . 5  1 6 . 2  84 . 0  137 . 0  4 . 7  1 5 . 2  
3 12 98 . 8  1 7 . 4  63 . 0  123 . 0  5 . 0 17 . 6  
---------------------------Pas ture--Betts----------------------------
, 1 10 1 1 7 . 7  1 1 . 3  102 . 0  132 . 0  3 . 6  9 . 6 
2 10 110 . 7  9 . 9  94 . 0  122 . 0  3 . 1  9 . 0 
3 10 1 1 7 . 4  1 1 . 0  101 . 0  140 . 0  3 . 5  9 . 4 
---------------------Small Grain--Bonil la--------------------------
1 13 1 1 4 . 2  1 2 . 1  96 . 0  135 . 0  3 . 3  1 0 . 6  
2 13 109 . 2  9 . 9  95 . 0  128 . 0  2 . 8 9 . 1  
3 13 106 . 1  8 . 1  91 . 0 . 118 . 0  2 . 3  7 . 7 
------------------------Small Grain--Clarno--------------------------
1 31 1 1 6 . 9  1 2 . 2  91 . 0  139 . 0  2 . 2 10 . 4  
2 31 1 10 . 2  9 . 6  95 . 0  131 . 0  1 . 7 8 . 7  
3 31 103 . 6  1 0 . 2  81 . 0  121 . 0  1 . 8 9 . 8 
-----------------------Small Grain--Ethan---------------------------
1 38 129 . 2  1 1 . 5  1 12 . 0  157 . 0  1 . 9 8 . 9  
2 38 1 1 7 . 6  10 . 1  92 . 0  147 . 0  1 . 6 8 . 6  
3 38 105 . 2  8 . 9  82 . 0  122 . 0  1 . 5 8 . 5 
------------------------Small Grain--Betts--------------------------
1 4 145 . 0  9 . 1  134 . 0  155 . 0  4 . 5  6 . 3 
2 4 127 . 3  8 . 8 120 . 0  139 . 0  4 . 4  6 . 9 
3 4 1 1 2 . 0  4 . 4  107 . 0  117 . 0  2 . 2 3 . 9 
tFilm combination 
1 Panchroma tic ( 600-7 00 nm) 
2 Panchromatic  ( SOQ-700 nm) 
3 Infrared ( 7 00-900 nm) 
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Table 2 .  · Stati s tics by cover and so ils on nearly leve l landscape s .  
S t andard Minimum Maximum S td . error 
Filmt N Mean deviation value value of mean c .v .  
----- -------------------Bare Soil--Bonil la---------------------------
1 27 1 10 . 9  8 . 1 85 . 0  125 . 0  1 . 6 7 . 3 
2 27 103 . 1  7 . 3 7 9 . 0  116 . 0  1 . 4 7 . 1 
3 27 7 1 . 4  8 . 3  5 4 . 0  92 . 0  1 . 6 7 . 1 
--------------------------Bare Soil--C larno---------------------------
1 35 1 1 4 . 6  8 . 4  
2 35 105 . 3  6 . 8 
3 35 7 3 . 9  8 . 3  
90 . 0  129 . 0  1 . 4 7 . 3 
83 . 0  120 . 0  1 . 1 6 . 4 
56 . 0  90 . 0  1 . 4 1 1 . 3  
------------------------B are So il--Cros splain-------------------------
1 13 107 . 2  9 . 1  
2 13 9 9 . 8  6 . 7  
3 13 69 . 5  1 2 . 8  
89 . 0  121 . 0  2 . 5 8 . 5  
89 . 0  1 1 3 . 0  1 . 9 6 . 7 
56 . 0  108 . 0  3 . 5 18 . 4  
-------------------------B are Soil--Davison---------------------------
, 1 8 1 1 9 . 5  9 . 5  108 . 0  134 . 0  3 . 4 8 . 0 
2 8 108 . 9  5 . 1  102 . 0  1 1 7 . 0  1 . 8 4 . 7 
3 8 7 8 . 1  5 . 5  69 . 0  85 . 0  1 . 9 7 . 0  
-------------------------Bare Soil--Tetonka---------------------------
1 21 1 1 0 . 5  1 2 . 3  
2 21 104 . 1  1 1 . 3  
3 21 70 . 1  1 3 . 1  
85 . 0  127 . 0  2 . 7 1 1 . 1  
80 . 0  121 . 0  2 . 5  1 0 . 9  
51 . 0  96 . 0  2 . 9 18 . 7  
-------------------------Bare Soil--Worthing--------------------------
1 1 1  101 . 6  9 . 7  
2 11  99 . 6  10 . 1  
3 1 1  66 . 2  1 2 . 1  
81 . 0  1 1 2 . 0  2 . 9 9 . 5  
81 . 0  
44 . 0  
1 1 3 . 0  
82 . 0  
3 . 0 
3 . 7 
1 0 . 1  
18 . 3  
----- --· ------------------Alfalfa--Bonilla----------------------------
1 9 70 . 0  14 . 2  43 . 0  93 . 0  4 . 7  20 . 3  
2 9 8 5 . 3  1 2 . 3  70 . 0  108 . 0 4 . 1  1 4 . 4  
3 9 138 . 1  1 6 . 1  1 16 . 0  172 . 0  5 . 4  1 1 . 7  
----- ---------------------Alf alfa--C larno----------------------------
1 16 7 6 . 9  9 . 9 56 . 0  100 . 0  2 . 5  12 . 9  
2 1 6  88 . 7  9 . 3  80 . 0  1 1 5 . 0  2 . 3  10 . 5  
3 1 6  130 . 7  10 . 6  11 3 . 0  148 . 0  2 . 7  8 . 1  
-------------------------Alf alfa--C ros sp1ain--------------------------
1 8 69 . 7  3 . 5 66 . 0  77 . 0  1 . 2 s . o 
2 8 83 . 3  1 . 6 80 . 0  85 . 0  0 . 6  1 . 9 
3 8 138 . 6  1 0 . 0  126 . 0  1 5 1 . 0  3 . 6 7 . 2 
tFilm combination 
1 Panchromatic  ( 60Q-700 nm) 
2 Panchroma tic ( 500-700 nm) . 
3 Inf rared ( 7 00-900 nm) 
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Table 2 � continued 
S tandard Minimum Maximum S td . error 
Filmt N Mean deviati on value value of mean c . v .  
---------------------------Alf alfa--Davison----------------------------
1 10 84 . 0  8 . 3  7 4 . 0  102 . 0  2 . 6 9 . 8 
2 10 90 . 4  5 . 0 87 . 0  104 . 0  1 . 6 5 . 6 
3 10 128 . 6  6 . 4 1 18 . 0 141 . 0  2 . 0 4 . 9 
tFilm combination 
1 Panchromatic ( 60Q-7 00 nm) 
2 Panchromatic ( 50Q-7 00 nm) 
3 Infrared ( 7 0Q-900 nm) 
APPENDIX B 
Table 3 .  Stati stics by cover of Clarno and Bonil la so ils on al l 
landscapes .  
S tandard Minimum Maximum S td . error 
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Filmt N Mean deviation value value of mean c .v .  
-------------------------Bare Soil--Bonilla---------------------------
1 39 1 1 1 . 5  7 . 9 85 . 0  125 . 0  1 . 3 7 . 1  
2 39 102 . 8  7 . 3 79 . 0  1 1 6 . 0  1 . 2 7 . 1  
3 39 71 . 8  8 . 9  54 . 0  92 . 0  1 . 4 1 2 . 4  
--------------------------Bare Soil--Clarno---------------------------
1 39 1 1 6 . 7  8 . 0 90 . 0  132 . 0  1 . 3 6 . 9  
2 39 106 . 1  7 . 0 83 . 0  120 . 0  1 . 1  6 . 6  
3 39 75 . 6  10 . 5  56 . 0  107 . 0  1 . 7 1 3 . 9  
------------------------Crop Residue--Bonilla-------------------------
1 17 129 . 0  8 . 3  104 . 0  142 . 0  2 . 0 6 . 4  
2 17 117 . 1  5 . 4 109 . 0  128 . 0  1 . 3 4 . 6  
3 17 87 . 3  7 . 5 7 5 . 0  101 . 0  1 . 8 8 . 5  
------------------------crop Residue--Clarno--------------------------
1 17 134 . 9  7 . 2 1 17 . 0  149 . 0  1 . 8 5 . 3 
2 17 121 . 1  5 . 3 1 1 1 . 0  131 . 0  1 . 3 4 . 4  
3 17 89 . 9  7 . 7 76 . 0  104 . 0  1 . 9 8 . 6  
--------------------------Alfalfa--Bonilla----------------------------
1 10 70 . 2  13 . 4  43 . 0  93 . 0  4 . 2  19 . 1  
2 10 84 . 8  1 1 . 7  70 . 0  108 . 0  3 . 7  1 3 . 8  
3 1 0  139 . 2  1 5 . 6  1 16 . 0  172 . 0  4 . 9 1 1 . 2  
---------------------------Alfalfa--Clarno----------------------------
1 10 76 . 4  1 2 . 5  56 . 0  100 . 0  3 . 9 16 . 3  
2 10 89 . 9  1 1 . 8 80 . 0  1 1 5 . 0  3 . 7 1 3 . 1  
3 10 131 . 3  1 2 . 1  1 13 . 0  148 . 0  3 . 8 9 . 2 
------------------------Small Grain--Bonilla--------------------------
1 32 115 . 7  1 2 . 4  89 . 0  135 . 0  2 . 2 10 . 7  
2 32 1 1 1 . 1  8 . 6  95 . 0  128 . 0  1 . 5 7 . 8 
3 32 105 . 1  9 . 3 94 . 0  124 . 0  1 . 6 8 . 8 
-------------------------Small Grain--Clarno--------------------------
1 30 121 . 0  1 1 . 3  101 . 0  139 . 0  2 . 1  9 . 3 
2 30 114 . 4  9 . 3  97 . 0  131 .0  1 . 7 8 . 1  
3 30 107 . 1  10 . 3  83 . 0  128 . 0  1 . 9 9 . 6 
tFilm combination 
1 Panchromatic ( 600-700 nm) 
2 Panchromatic ( 50Q-700 nm) 
3 Infrared ( 7 00-900 nm) 
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Table 4 .  Statist ics by cover of Clarno and E than soils on undula ting 
landscapes . 
S tandard Minimum Maximum S td . error 
Filmt N Mean deviation value value of  mean c .v .  
--------------------------Bare Soil--Clarno----------- -----------------
1 29 1 1 5 . 3  1 1 . 5  
2 29 104 . 8  1 0 . 7  
3 29 80 . 3  1 2 . 7  
8 9 . 0  138 . 0  2 . 1  10 . 0  
80 . 0  126 . 0  2 . 0 10 . 3  
57 . 0  1 1 5 . 0  2 . 4 1 5 . 8  
--------------------------B are Soil--Ethan----------------------------
1 35 132 . 6  1 4 . 5  
2 35 118 . 9  1 2 . 9  
3 35 89 . 3  1 1 . 9  
1 00 . 0  164 . 0  2 . 5 1 1 . 0  
88 . 0  150 . 0  2 . 2 1 0 . 9  
65 . 0  119 . 0  2 . 0 1 3 . 4  
------------------------Crop Res idue--Clarno--------------------------
1 8 130 . 4  1 2 . 1  1 1 4 . 0  15 1 . 0 4 . 3  9 . 3 
2 8 1 1 6 . 4  1 1 . 3 105 . 0  137 . 0  4 . 0 9 . 7 
3 8 84 . 8  1 1 . 8  66 . 0  105 . 0  4 . 2  1 3 . 9  
-------------------------Crop Residue--E than--------------------------
1 9 147 . 6  1 4 . 9  127 . 0  173 . 0  5 . 0 10 . 1  
2 9 129 . 7  1 3 . 5  1 14 . 0  153 . 0  4 . 5 1 0 . 4  
3 9 97 . 4  1 4 . 4  7 4 . 0  1 22 . 0  4 . 8 1 4 . 7  
---------------------------Alfalfa--Clarno----------------------------
1 12  84 . 3  1 4 . 9  60 . 0  1 1 2 . 0  4 . 3  17 . 7  
2 1 2  87 . 3  9 . 3  73 . 0  107 . 0  2 . 7 10 . 6  
3 1 2  123 . 3  17 . 7  7 4 . 0  145 . 0  5 . 1  14 . 3  
---------------------------Alfalfa--Ethan-----------------------------
1 14 96 . 9  16 . 9  72 . 0  1 19 . 0  4 . 5 17 . 4  
2 1 4  97 . 3  12 . 1  79 . 0  119 . 0  3 . 2  12 . 4  
3 1 4  125 . 9  20 . 9  78 . 0  17 3 . 0  5 . 6 16 . 6  
---------------------------Pas ture--Clarno----------------------------
1 7 108 . 3  9 . 4  92 . 0  121 . 0  3 . 5 8 . 7 
2 7 102 . 1  6 . 6  92 . 0  112 . 0  2 . 5 6 . 5 
3 7 119 . 9  10 . 0  1 12 . 0  141 . 0  3 . 8 8 . 3  
---------------------------Pasture--Ethan-----------------------------
1 1 1  1 1 4 . 1  1 1 . 0  97 . 0  135 . 0  3 . 3 9 . 6 
2 11  106 . 6  8 . 0  98 . 0  121 . 0  2 . 4 7 . 5 
3 1 1  116 . 0  7 . 4 1 09 . 0  135 . 0  2 . 2 6 4 
-------------------------Small Grain--Clarno--------------------------
1 18 1 1 5 . 4  1 2 . 1  91 . 0  136 . 0  2 . 9 10 . 5  
2 18 108 . 5  8 . 3  95 . 0  124 . 0  2 . 0 7 . 6 
3 18 100 . 1  10 . 5  109 . 0  116 . 0  2 . 5 10 . 5  
----- -------------------Small Grain--E than---------------------------
1 24 128 . 0  1 1 . 1  1 1 5 . 0  157 . 0  2 . 3 8 . 7 
2 24 118 . 3  9 . 4 106 . 0  147 . 0  1 . 9 8 . 0 
3 24 1 06 . 4  9 . 5 82 . 0  . 122 . 0  1 . 9 8 . 9 
t Film combination 
1 Panchromatic ( 600-7 00 nm) 
2 Panchroma tic ( 500-7 00 nm) 
3 Infrared ( 7 00-9 00 nm) 
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Table 5 • .  Statist ics by cover of Clarno , Cros splain and Davi son so ils 
on nearly leve l landscapes . 
S tandard Minimum Maximum S td .  error 
Filmt N Mean · deviation value value of mean c . v .  
----------------------Bare Soil--Clarno---------------------------
1 8 110 . 1  7 . 5  
2 8 101 . 9  3 . 3  
3 8 70 . 9  5 . 5  
100 . 0  1 19 . 0  2 . 7 6 . 8 
97 . 0  106 . 0  1 . 2 3 . 3  
6 2 . 0  80 . 0  1 . 9 7 . 7 
-----------------------Bare Soil--Cros splain------------------------
1 8 105 . 9  1 0 . 0  
2 8 98 . 9  5 . 2  
3 8 68 . 5  4 . 8  
8 9 . 0  ' 121 . 0  3 . 5  9 . 4  
92 . 0  107 . 0  1 . 9 5 . 3 
6 4 . 0  76 . 0  1 . 7 7 . 0 
-------------------------Bare Soil--Davi son--------------------------
1 8 1 19 . 5  9 . 5  108 . 0  134 . 0  3 . 4 8 . 0 
2 8 108 . 9  5 . 1  1 02 . 0  117 . 0  1 . 8 4 . 7 
3 8 78 . 1  5 . 5 69 . 0  85 . 0  1 . 9 7 . 0 
----- ---------------------Alfalfa--clarno--- ------------�-----------
1 7 77 . 6  3 . 6  7 3 . 0  83 . 0  1 . 4 4 . 6 
2 7 86 . 6  1 . 4 84 . 0  88 . 0  0 . 5  1 . 6 
3 7 1 3 1 . 1  8 . 8 1 16 . 0 140 . 0  3 . 3 6 . 7 
-------------------------Alfalfa--C ros splain--------------------------
1 8 69 . 8  3 . 5 66 . 0  77 . 0  1 . 2 5 . 0 
2 8 83 . 3  1 . 6 80 . 0  85 . 0  0 . 6  1 . 9 
3 8 138 . 6  10 . 0  126 . 0  151 . 0  3 . 6 7 . 2 
----- -------------------Alf alf a--Davison----------------------------
1 10 84 . 9  8 . 3  74 . 0  102 . 0  2 . 6 9 . 8 
2 10 90 . 4  5 . 0 87 . 0  104 . 0  1 . 6 5 . 6 
3 10 128 . 6  6 . 4 1 18 . 0 141 . 0  2 . 0 4 . 9 
tF ilm combination 
1 Panchromat ic ( 60Q-700 nm) 
2 Panchromatic ( SOQ-700 nm) 
3 Infrared ( 7 0Q-900 nm) 
APPENDIX C 
AN EXAMPLE OF THE SAS STEPDISC PROGRAM FOR 
CLARNO AND ETHAN SOILS ON UNDULATING LANDS CAPES 
107 
APPENDIX C 
An example of the SAS STEPDISC program for Clarno and E than 
soils on undulating landscapes follows : 
DATA TRANS ; 
INPUT ID V1 V2 V3 SOI NO@@ COV NO@@ ; 
IF SOI N0@@•7 THEN SOIL• ' CLARNO ' ;  
ELSE
-
IF •OI N0@@• 1 5  THEN SOIL• ' ETHAN ' ; 
IF OOV N0@@·1
-
THEN COVER• ' NO COVER ' ; 
ELSE
-
IF OOV N0@@•2 THEN COVER• ' CROP RES ' ; 
ELSE IF COV
-
N0@@•3 THEN OOVER• ' ALFALFA' ;  
ELSE IF COV-N0@@•4 THEN OOVER• ' PASTURE ' ; 
ELSE IF COV
-
NO@@•S THEN OOVER• ' SM GRAIN ' ;  
CARDS ; 
, PROC SORT ; 
BY COVER ; 
( data lines ) 
PROC STEPDISC STEPWISE SIMPLE STDMEAN TCOOR WCORR; 
CLASSES SOIL ; 
VAR Vl V2 V3 ; 
BY COVER ; 
The STEPDISC subrou tine calcula tes and/or prints the following : 
1 .  Frequency of each soi l , and the propo rtion in the to tal 
sample . 
2 .  Soil cla s s  means . 
3 .  Standard deviations , both fo r the total sample and the pooled 
wi thin cla ss ma trix . 
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4 .  Wi thin-standardized soil class means , obtained by subtract ing the 
grand mean from each so il class mean and dividing by the pooled 
wi thin-class standard deviat ion . 
5 .  To tal-standa rdized soil class means obtained by subtract ing the 
grand mean from each so il class mean and dividing by the total 
sample standard deviation . 
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6 .  To tal sample correlations . 
7 .  Pooled wi thin-class  correlations . 
At each step the fo llowing statistics are calculated and printed : 
8 .  For each film variable cons idered fo r entry or removal : part ial 
r2 , the squared partial correla tion , the F statistics , and 
probabi li ty > F ,  the probabili ty leve l ,  from a one-way analysis of 
covariance . 
9 .  The tolerance for each variable film considered fo r entry which 
is one minus the squared mult iple correlation of the film variable s 
already in the mode l . 
1 0 .  The name of the film variable chosen . 
1 1 .  The film variable ( s )  already selected or removed . 
1 2 .  Wilks ' lambda and the associated F approxima tion wi th degr ees of 
freedom and probability > F ,  the associated probabili ty leve l 
after the selected film variable has been entered or removed . 
Wilks ' lambda is close to 0 if any two groups are well separated . 
1 3 . Average squared canonical correlation , calculated as Pillai ' s  trace 
divided by the number of groups minus 1 .  Average squared conon-
ical correlat ion is close to 1 if all groups are we l l  separated 
in the di scriminant space fo r at leas t two groups . 
An example of the output of the STEPDISC subrou tine for Clarno 
and E than so ils on undula ting landscapes wi th no land cove r fo llows : 
Clarno and E than Soils on Undulating Landscapes 
Cover=No Cover 
Stepwise Discriminant Analysis 
6 4  obs ervations 
2 c lass levels 
3 variable ( s )  in the analysis 
0 variable ( s )  wil l be included 
The Method ( s )  for Selecting Variable s Will be STEPWISE 
S ignificance Level to Enter • 0 . 1500 
S ignif icance Level to Stay • 0 . 0500 
S oil 
C larno 
Ethan 
Variable 
Vl 
V2 
V3 
Variable 
Vl 
V2 
V3 
Class Level Information 
Frequency 
29 
35  
Class Means 
Clarno 
1 1 1 5 . 2 759 
1 04 . 82 7 6  
80 . 3 1 03 
Standard Deviations 
Total Sample 
1 5 . 7 6891 
1 3 . 83225 
1 2 . 98739 
Propo rtion 
0 . 45312500 
0 . 5 4687 500 
E than 
132 . 6286 
1 18 . 9429 
89 . 2571  
Wi thin Class 
13 . 2 5 3 1 0  
1 1 . 9 7 7 1 4  
1 2 . 28485 
Wi thin-S tandardi zed Class Means 
Variable 
Vl 
V2 
V3 
Clarno 
- . 7 1 6041 
- . 6 44502 
- . 3982 7 7  
Ethan 
0 . 59329 1 
0 . 5 34016 
0 . 33000 1 
1 1 0  
Total-S tandardized Class Means 
Variable Clarno Ethan 
V 1  
V2 
V3  
V1  
V 2  
V 3  
V 1  
V2 
V3 
- . 6018 02 
- . 558065 
- . 37 6 733 
0 . 498636 
0 . 46 2 39 6  
0 . 3 1 2 1 50 
Total Sample Correlations 
V1 
1 . 0000 
0 . 9 1 02 
0 . 5 1 14  
V2  
0 . 9 1 02 
1 . 0000 
0 . 56 6 4  
Poo led Within Class Correlations 
V 1  
1 . 0000 
0 . 8 761  
0 . 4097 
STEPWISE Selection 
S tatis tics for Entry , 
Step 
DF • 
V2 
0 . 8 7 6 1  
1 . 0000 
0 . 48 3 1  
1 
1 , 6 2  
V 3  
0 . 5 1 1 4  
0 . 56 64 
1 . 0000 
V3 
0 . 4097 
0 . 48 3 1  
1 . 0000 
1 1 1  
Variable R**2 F Prob > F Tolerance 
V 1  
V2 
V3 
0 . 3048 
0 . 2621  
0 . 1 19 5  
27 . 189 
22 . 027 
8 . 41 2  
Variable V 1  Will be Entered 
0 . 000 1 
0 . 000 1 
0 . 0052 
The Following Variable ( s )  Have Been Entered 
V 1 
Mult ivariate S tatist ics 
1 . 0000 
1 . 0000 
1 . 0000 
Wilks ' Lambda a 0 . 6 9 5 1 5658 
Pillai ' s  Trace • 0 . 304843 
F( 1 , 6 2 )  • 
F( 1 , 62 ) • 
27 . 18 9  
27 . 18 9 
PROB > F•O . OOOO 
PROB > F•O . OOOO 
Ave rage Squared Canonical Correla tion • 0 . 30484342 
-----------------------------------------------------------------------
1 1 2  
STEPWISE Selection S tep 2 
S tati s tics for Removal , DF • 1 , 6 2 
Variable R**2 F Prob > F 
V l  
V 2  
V 3  
0 . 3048 27 . 18 9  0 . 00 0 1  
No Variables Can Be Removed 
S tatistics for Entry , DF • 1 , 61 
Part ial 
R**2 
0 . 0008 
0 . 0078 
F 
0 . 046 
0 . 480 
No Variables Can Be Entered 
Prob > F Tolerance 
0 . 8 3 1 1  
0 . 491 2 
0 . 17 1 6  
0 . 7 385 
No Further S teps are Possible 
S tepwise Selection Summary 
S t ep 
Variable 
Entered Removed 
Number 
In 
Partial 
R**2 
F 
Statistic 
Prob > 
F 
1 V1 
Wilks ' 
Lambda 
0 . 6 9 51 5658 
Prob > 
Lambda 
0 . 0000 
1 0 . 3048 27 . 18 9  0 . 0001 
Average 
Squared 
Canonical Prob > 
Correla tion ASCC 
0 . 30484342 0 . 0000 
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AN EXAMPLE OF THE SAS DISCRIM PROGRAM FOR 
CLARNO AND ETHAN SOILS ON UNDULATING LANDSCAPE S 
WITH NO LAND COVER 
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The DATA statements of the DISCRIM subrou tine is simi lar to tha t 
of the STEPDISC subroutine . The PROC statements fo r Clarno and E than 
soils on undula ting landscapes wi th no land cove r using the 
panchromatic ( 6 0Q-700 nm) film fo llow : 
PROC SORT ; 
BY COVER : 
PROC DISRIM WCORR PCORR LIST POOL m TEST SPOOL • . 05 ;  
CLASSES SOIL ; 
VAR V1 ; 
PRIORS PROP ; 
BY COVER ; 
The DISCRIM subroutine calculates and prints the fo llowing : 
1 .  Frequencies and prior probabilities for each soil group . 
Proportional pr ior probabi li ties were used in this program . 
2 .  Wi thin correlation coefficients and probabili ty > I R I ( the 
wi thin-group correla tion ma trix for each group ) .  
3 .  Par tial correla tion coefficients computed from the pooled covariance 
ma trix and probability > I R I ( The partial correlation ma trix bas ed 
on the pooled covariance ma trix ) . 
4 .  Wi thin covariance matrix information including covariance ma trix 
rank and natural log of de terminant of the covariance matrix for 
each group . 
5 .  Tes t  of homogeneity of wi thin covariance mat rices ( the resul t s  of 
a chi-square tes t of homogeneity of the wi thin-group covariance 
ma trices ) .  
6 .  The pai rwi se squared generali zed di f ferences between so il groups . 
7 .  If the pooled covariance ma trix is used , the linearized 
di scrimi nant funct ion . 
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8 .  The classification result s  including the obs erva tion number ,  
the actual soil group for the observatio�, the soil group into which 
the di scriminant model would classify it , and the po s terior 
probability of its membership in each soil group . 
9 .  Classification summary of the performance of the di scriminant model . 
An example of the output of the DISCRIM subroutine for Clarno 
and E than so ils on undulating landscapes wi th no land cover using the 
panchromatic ( 60Q-700 nm) film fo llows : 
Soil 
Clarno 
Ethan 
Total 
Clarno and Ethan Soils on Undulating Landscapes 
Clas s Level Information 
Frequency Prior Probabili ty 
29 0 . 453 1 25 00 
35 0 . 54687500 
64 1 . 00000000 
Within Correlation Coefficients /Probability R 
Variable 
V 1  
Variable 
V 1  
Soil•Clarno 
Soil•Ethan 
V1 
1 . 000000 
0 . 0000 
V1 
1 . 000000 
0 . 0000 
Partial Correlation Coef ficient s Computed From Pooled Covariance 
Matrix/Prob R 
Variable 
V l  
Vl 
1 . 000000 
o . oooo-
Within Covariance Matrix Information 
Soil 
Clarno 
Ethan 
Pooled 
Covariance 
Matrix Rank 
1 
1 
1 
Natural Log of Determinant 
of the Covariance Matrix 
4 . 88 38 2 7 6 7  
5 . 35410977  
5 . 1 684625 7 
Tes t  o f  Homogenei ty o f  Within Covariance Matrices 
Notation I • 
p -
N • 
N( I )  • 
v -
RHO -
DF -
Number of Groups 
Number of Variables 
To tal Number of Observations 
Number of Observations in the I ' th Group 
Wi thin SS Matrix( ! )  
N/ 2 
Pooled S S  Matrix 
1 1 
1 . 0 - SUM ------
N ( I ) -1 N-K 
. 5 (K-1 )P ( P+1 ) 
PN/ 2 
N V 
N( I ) / 2 
2P2 + 3P - 1 
6 {P+1 ) (K-1 )  
1 1 6  
Under Null Hypo thesis -2 RHO LN --------------- i s  di s tributed 
approximately as Chi-square (DF ) 
PN( I ) / 2  
N( I )  
Test Chi-Square Value • 1 . 7 2835898 wi th 1 DF Prob Chi-Sq =- 0 . 18 86 
S ince the Chi-Square value is no t significant at 0 . 05 leve l , a pooled 
covar iance matrix will be used in the di scriminant funct ion . 
Pairwi se Squared Generalized Distances Be tween Groups 
· n2 ( I  J) • (X - X ) '  cov-1 ( X - X ) - 2 LN PRIOR 
From Soil 
Clarno 
Ethan 
I J I J 
Generalized Squared Distance to Soil 
Clarno 
1 . 58317 45 1  
3 . 29 752576  
Linearized Discriminant Function 
E than 
2 . 9 2 1 42 1 30 
1 . 20707004 
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-1 
CONSTANT • - . 5  X'  COV X + LN PRIOR 
-1 
COEFFICIENT VECTOR • COV X 
Constant 
V1 
OBS 
1 
2 
3 
4 
5 
6 
J J J 
Soil 
Clarno 
-38 . 6 1946580 
0 . 6563018 1  
E than 
-5 0 . 6 7 720378 
0 . 7 5 5096 25  
Class i fication Results for  Calibration Data 
Generalized Squared Dis tance Funct ion 
2 -1 
D ( X )  • (X-X ) ' COV (X-X ) 2 LN PRIOR 
J J J J 
Pos terior Probabili ty of Membershi p in Each Soil 
2 2 
PR( J XX) • EXP ( - . 5  D ( X) ) / SUM EXP ( - . 5  D ( X ) ) 
J K K 
FROM CLASSIFIED CLARNO ETHAN 
SOIL INTO SOIL 
Clarno 15* 0 . 3801  0 . 6 1 9 9  
Clarno 15 * 0 . 2 1 7 6  0 . 7824  
Clarno 7 0 . 50 1 2  0 . 4988 
Clarno 7 0 . 9291 0 . 07 09 
Clarno 7 0 . 7097 0 . 29 0 3  
Clarno 7 0 . 64 5 1  0 . 35 4 9  
J 
1 18 
Class i fication Results for Calibrat ion Data 
Pos terior Probability of Membership in Soil 
OBS FROM CLASS IFIED CLARNO ETHAN 
. SOIL INTO SOIL 
7 Clarno 7 0 . 7840 0 . 2 1 6 0  
8 Clarno 7 0 . 6889 0 . 31 1 1  
9 Clarno 7 0 . 6451  0 . 3549 
10  Clarno 7 0 . 7097 0 . 2903 
1 1  Clarno 7 0 . 8 1 5 6  0 . 1844 
12 Clarno 7 0 . 64 5 1  0 . 3549 
13 Clarno 7 0 . 7 840 0 . 2160  
1 4  Clarno 7 0 . 7 668 0 . 2332 
1 5  Clarno 15*  0 . 3801 0 . 6 19 9  
1 6  Clarno 7 0 . 8 7 88 0 . 1 2 1 2  
1 7  Clarno 7 0 . 64 5 1  0 . 3549 
18  Clarno 7 0 . 64 5 1  0 . 3549 
1 9  Clarno 7 0 . 9 07 0  0 . 0930 
2 0  Clarno 7 0 . 9 632 0 . 0368 
2 1  Clarno 1 5 *  0 . 3801  0 . 6 1 9 9  
2 2  Clarno 1 5* 0 . 4276  0 . 5 7 2 4  
2 3  Clarno 7 0 . 7840 0 . 2160  
2 4  Clarno 7 0 . 85 6 1  0 . 1439 
2 5  Clarno 7 0 . 6889 0 . 31 1 1 
26 Clarno 1 5 * 0 . 2 5 3 1  0 . 7 469 
2 7  Clarno 15 * 0 . 17 1 4  0 . 8286 
28 Clarno 15 * 0 . 4765 0 . 5235  
29  Clarno 7 0 . 5987  0 . 40 1 3  
3 0  Ethan 15  0 . 2531  0 . 7 469 
3 1  Ethan 15  0 . 4036 0 . 5964 
3 2  Ethan 15  0 . 0939 0 . 9061 
33 Ethan 7 * 0 . 5504 0 . 4496 
34 Ethan 7 * 0 . 8983 0 . 1017 
35  Ethan 7 * 0 . 5259  0 . 47 4 1  
36  Ethan 1 5  0 . 29 2 3  0 . 7077  
3 7  Ethan 15  0 . 3571  0 . 6429 
38 Ethan 7 * 0 . 5504 0 . 4496 
39 Ethan 1 5  0 . 2531  0 . 7 469  
40  Ethan 7 * 0 . 8300 0 . 1 7 00 
4 1  Ethan 15  0 . 1333 0 . 8667  
4 2  Ethan 15  0 . 0594 0 . 9406 
43 Ethan 1 5  0 . 1026 0 . 8 9 7 4  
4 4  Ethan 7 0 . 5 7 47 0 . 4253 
45  Ethan 15  0 . 0858 0 . 9 1 42 
46 Ethan 1 5  0 . 3801  0 . 6 19 9  
47 Ethan 15  0 . 0 1 5 6  0 . 9844 
48 Ethan 1 5  0 . 07 1 5  0 . 9285  
49  Ethan 15  0 . 1 5 7 8  0 . 8422 
50  Ethan 15 0 . 0172  0 . 9828 
Classification Results  for Calibration Data 
Pos terior Probabil i ty of Membership in Soil 
OBS FROM CLASSIFIED CLARNO ETHAN 
SOIL INTO SOIL 
5 1  Ethan 15  0 . 38 01 0 . 6 1 9 9  
5 2  Ethan 15  0 . 20 1 3  0 . 7 9 8 7  
53  Ethan 15 0 . 4276  0 . 5 7 2 4  
5 4  Ethan 7*  0 . 5747 0 . 4253  
5 5  Ethan 15  0 . 07 1 5  0 . 9285  
56 Ethan 15  0 . 2349 0 . 7 6 5 1  
5 7  Ethan 1 5  0 . 3801  0 . 6 19 9  
58 Ethan 7* 0 . 6889 0 . 31 1 1 
59 Ethan 1 5  0 . 3348 0 . 66 5 2  
6 0  Ethan 15  0 . 2531  0 . 7469  
61  Ethan 15  0 . 0783 0 . 9 2 17 
6 2  Ethan 15  0 . 3348 0 . 66 52 
63  Ethan 1 5  0 . 0542 0 . 9458 
64  Ethan 7* 0 . 57 47 0 . 4253 
*Misclassified obs erva t ion 
Class i fication Summary for Calibration Data 
Generalized S quared Dis tance Funct ion 
2 -1 
D ( X )  • (X-X ) '  COV (x-X ) - 2 LN PRIOR 
J J J J 
Pos terior Probabili ty of Membership in Each Soil 
2 2 
PR( J  X) • EXP( - . 5  D ( X) ) / SUM EXP ( - . 5  D ( X ) ) 
J K K 
Number of Obse rva tions and Percents Classif ied I nto Soil 
From 
Soil Clarno Ethan Total 
Clarno 2 1  8 29 
7 2 . 4 1 27 . 5 9 100 . 00 
E t han 9 26 64 
2 5 . 7 1 74 . 29 100 . 00 
Total 30 34 64 
Percent 46 . 88 53 . 1 3 100 . 00 
Priors 0 . 4531  0 . 5469 
Ove ral l 73 
Percent 
1 19 
, .  
APPENDIX E 
DISCRIMINANT CLASSIFICATION OF SOILS 
BY LAND COVER AND FILM 
1 20 
1 2 1  
Table 1 .  Disc riminant classification of soils on undulating 
landscape s wi th no land cover . 
Table la . Panchromatic ( 60Q-700 nm) f ilm . 
Number of  observations /percent classified into soil 
Soil Bonilla Clarno Ethan Worthing To tal 
Bonilla 0 10 1 1 1 2  
0 83 8 8 
Clarno 0 29 9 3 4 1  
0 7 1  22  7 
Ethan 0 1 5  3 2  0 47 
0 32 69  0 
Worthing 0 7 0 4 1 1  
0 64  0 36 
Over-all Accuracy - 59% 
Table lb . Panchromatic ( 6 0D-700 ) nm and panchromatic ( 50Q-7 00 nm) f ilms . 
Number of observations /2ercent classified into soil 
Soil Bonil la Clarno Ethan Worthing To tal 
Bonilla 0 1 1  1 0 1 2  
0 92 8 0 
Clarno 0 28 9 4 41  
0 68 22 10 
E than 0 13  32  2 47 
0 28 68 4 
Worthing 0 0 0 1 1  11  
0 0 0 100 
Over-all Accuracy - 64% 
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Table 1 c . Panchromatic ( 6 00-700 nm) , panchromatic ( 50Q-700 nm) ,  and 
infrared ( 7 00-900 nm) f ilms . 
Number of  observations /percent classified into soil 
Soil Bonilla Clarno Ethan Worthing Total 
Bonilla 3 8 1 0 1 2  
2 5  6 7  8 0 
Clarno 6 2 5  9 1 4 1  
1 5  6 1  22 2 
Ethan 3 1 1  33 0 47 
6 2 3  70 0 
Worthing 0 0 0 1 1  1 1  
0 0 0 100 
Over-all Accuracy - 65% 
Table 2 .  Discriminant classification of soils on nearly leve l landscapes 
with no land cover . 
Table 2a . Panchromatic ( 60Q-700 nm) film .  
Number of  observations /Eercent classified into soil 
Soil Bonilla Clarno Cros s plain Davi son Tetonk.a Worthing To tal 
Bonilla 5 2 1  0 0 0 1 27 
1 9  78 0 0 0 4 
Clarno 3 3 1  0 0 0 1 35 
9 89  0 0 0 3 
Cros s plain 2 8 0 0 0 3 13  
15  62  0 0 0 23  
Davison 0 8 0 0 0 0 8 
0 1 00 0 0 0 0 
Tetonka 3 1 4  0 0 0 4 2 1  
1 4  6 7  0 0 0 19 
Wor thing 3 4 0 0 0 4 1 1  
27  36  0 0 0 36 
Over-all Accuracy • 31% 
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Table 2b . Panchromatic ( 6 0Q-700 nm) and panchromatic ( 500-7 00 nm) f ilms . 
Number of  observations /2ercent class ified into soil 
Soil Bonilla Clarno Cros s plain Davison Tetonka Worthing To tal 
Bonilla 9 1 5  0 0 2 1 27 
33 56 0 0 7 4 
Clarno 6 2 3  0 0 3 3 35 
17 66 0 0 9 9 
Cross pla in 3 6 1 0 2 1 13  
23  46 8 0 15 8 
Davison 2 4 0 2 0 0 8 
2 5  5 0  0 25 0 0 
Tetonka 4 8 1 0 6 2 2 1  
1 9  38 5 0 29 10  
Worthing 1 0 0 0 1 9 1 1  
9 0 0 0 9 82  
Over-all Accuracy • 44% 
Table 3 .  Discriminant classif ication of Clarno and Bonilla so ils on 
nearly level and undula t ing landscapes covered wi th crop 
residue using panchromatic ( 600-700 nm) film .  
Number of  observations /percent classified into soil 
Soil Bonil la Clarno To tal 
Bonilla 1 1  6 17  
6 5  35 
Clarno 5 1 2  17 
2 9  7 1  
Over-all Accuracy - 68% 
Table 4 .  Discriminant classification of Clarno and E than soils on 
undulating landscape s wi th growing small grain using 
panchromatic ( 600- 700 nm) film . 
Number of observations /percent clas sified into soil 
Soil Clarno Ethan To tal 
Clarno 1 2  6 18 
6 7  33 
E than 7 17 24 
29 71  
Over-all Accuracy - 69% 
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Table 5 .  Di scriminant classification of Clarno , Cros splain and Davi son 
soils on nearly level landscapes wi th no land cove r us ing 
panchromatic ( 500-7 00 nm) f ilm . 
Number of observations /percent classified into soil 
Soil Clarno Cros s plain Davi son To tal 
Clarno 3 4 1 8 
38 50 13 
Cross plain 3 4 1 8 
3 8  50  13 
Davison 3 0 5 8 
3 8  0 63  
Over-all Accuracy - 50% 
Table 6 .  Discriminant classification of soils on undulating landscapes 
covered wi th crop residue . 
Table 6a . Panchromatic ( 600-700 nm) f ilm .  
Number of observations /percent classified into soil 
Soil Bonilla Clarno Ethan To tal 
Bonilla 0 9 0 9 
0 100 0 
Clarno 0 1 5  2 17 
0 88 12 
Ethan 0 5 5 10 
0 50 50 
Over-all Accuracy • 56% 
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Table 6b . Panchromatic ( 600-700 nm) and infrared ( 7 00-900 nm) f ilms . 
Number o f  observations /percent clas sified into soil 
Soil Bonil la Clarno Ethan Total 
Bonilla 3 6 0 9 
3 3  6 7  0 
Clarno 2 1 5  0 17 
1 2  88 0 
Ethan 0 3 7 1 0  
0 30 70 
Over-all Accuracy • 69% 
Table 7 .  Discriminant classification of Clarno and E than so ils on 
undulating land scapes wi th no land cover using panchroma tic 
( 600-700 nm) f ilm . 
·-
Number of observatiQns /percent class ified into soil 
Soil Clarno Ethan 
Clarno 2 1  8 
7 2  28 
Ethan 9 26 
26  74 
Over-all Accuracy - 73% 
Total 
29 
35 
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Table 8 .  Di scriminant classif ication of soils on undulating landscapes 
wi th growing alfalfa using panchromatic ( SOQ-7 00 nm) film . 
Number of  observations /percent classified into soil 
Soil Bonilla Ethan Total 
Bonil la 9 4 1 3  
6 9  3 1  
Ethan 4 1 6  20 
20  80  
Over-all Accuracy - 7 5% 
Table 9 .  Discriminant classification of soils on nearly leve l landscapes 
wi th growing alfalfa using panchromatic ( 600-700 nm) film . 
Number of  obse rvations /Ee rcent classified into soil 
Soil Bonilla Clarno Cross plain Davi son Total 
Bonilla 1 1 5 2 9 
1 1  1 1  56 22 
Clarno 1 1 1  2 2 16  
6 69  13  13  
Cross plain 0 1 7 0 8 
0 1 3  88 0 
Davison 0 7 0 3 1 0  
0 70  0 30 
Over-all Accuracy - 51% 
128 
Table 10 . Discriminant cla ssification of soils on undula ting lands capes 
in pas ture using infrared ( 70Q-900 nm) film .  
Number of  observat ions /percent c lassified into soil 
Soil Clarno Ethan Worthing Betts To tal 
Clarno 0 8 1 0 9 
0 89 1 1  0 
Ethan 0 1 6  1 0 17 
0 94 6 0 
Worthing 0 5 7 0 1 2  
0 42 58 0 
Betts 0 8 2 0 10 
0 80 20 0 
Over-all Accuracy - 48% 
Table 1 1 . Discriminant classification of Clarno and Bonil la so ils on 
nearly leve l and undulating landscapes wi th no land cove r 
using panchroma tic ( 60Q-700 nm) film . 
Number of  observations /percent clas sified into soil 
Soil Bonil la Clarno Total 
Bonilla 28 1 1  39 
7 2  28 
Clarno 1 3  26 39 
3 3  67 
Over-all Accuracy - 72% 
Table 1 2 . Discriminant classification of Clarno and E than so ils on 
undulating landscapes cove red wi th crop residue . 
Number of  observations /percent classified into soil 
Soil Clarno Ethan Total 
Clarno 6 2 8 
7 5  25 
E than 3 6 9 
3 3  67 
Over-all Accuracy - 7 1 %  
Table 1 1b .  Panchromatic ( 60Q-7 00 nm) film . 
Number of  observations /percent classified into soil 
Soil Clarno Ethan To tal 
Clarno 6 2 8 
7 5  25 
Ethan 1 8 95  
1 1  89 
Over-all Accuracy - 82% 
1 29 
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Table 13 . Discriminant classification of Clarno , Cros splain and 
Soil 
Clarno 
Davison soils on nearly level landscapes wi th growi ng alfalfa 
using panchromatic ( 60Q-700 nm) film .  
Number of observations /Eercent classified into soil 
Clarno Cros s plain Davi son To tal 
5 1 1 7 
7 1  1 4  14  
Cros s plain 1 7 0 8 
1 3  88 0 
Davison 4 0 6 10  
40 0 60 
Over-all Accuracy - 72% 
Table 14 . Di scriminant classification of soils on undula ting landscapes 
wi th growing small grain using panchromatic ( 6 0Q-700 nm) f ilm . 
Number of observations /Eercent classified into soil 
Soil Bonil la Clarno E than Bet ts To tal 
Bonilla 0 9 4 0 13  
0 6 9  3 1 0 
Clarno 0 19 12 0 31  
0 61  39  0 
Ethan 0 1 1  2 6  1 38 
0 29 68 3 
Bets 0 0 4 0 4 
0 0 100 0 
Over-all Accuracy - 5 2% 
1 3 1  
Table 1 5 . Discriminant classification of Clarno , and E than so ils on 
undulating landscapes wi th growing alfalfa using panchroma t ic 
( 50Q-700 nm) f ilm . 
Number of  observations /percent clas sified into soil 
Soil Clarno Ethan To tal 
Clarno 8 4 1 2  
6 7  33 
Ethan 5 9 14 
3 6  64 
Over-all Accuracy - 65% 
Panchromatic , Infrared , and Color-Infrared 
Pho tography fo r Soil Survey 
ABSTRACT 
E fforts have been unde rway in the so il survey . program to 
increas e mapping speed while not sacri f icing map quali ty .  Four type s 
o f  aerial pho tography were tes ted to de termine which type or type s of 
photography were mo s t  useful in di s tinguishing so il di f ferences in 
complex mapping un i t s  on a variety of land cover type s . 
The color-infrared photography was mos t useful in recognizing 
and identifying tonal di f ferences among so il series wi thin ma pped areas 
wi th no land cover , crop res idue , and growing small grain . In 
areas where alfalfa or pas ture covered the so il surface , color-inf rared 
o r  panchromatic were similar in ease of recogni tion of tonal di f ferences 
among so il series wi thin mapping unit complexes . 
INTRODUCTION AND LITERATURE REVIEW 
Soil series present wi thin mapping unit complexe s are inferred 
from tonal di f ferences on aerial pho tographs . Vi sual contras t 
available in color pho tography is cons ide rably greater than tha t in 
panchromatic pho tography ( Evans , 1 9 48 ) .  
The spectral signature of a landscape depends on the combined 
spectral properties of the so il and plant cove r present . Spectral 
s igna tures of unvege tated land scape s are a func tion of so il color , 
organic ma t ter content , mineralogi cal compo s i tion , surface texture and 
mo isture content (Bowers and Hanks , 1 9 6 5 ) .  Reflectance from vege tated 
landscape s is a func t ion of leaf structure , shape , size , and 
orienta tion ; crop species , variety , ma tur ity ,  and geome tric 
configuration ; crop vigor : so il and plant mo is ture content ;  
chlorophyll content ;  canopy cove r ;  and background so il reflectance 
( Ga tes , e t al • , 19 65 ) • 
Benson ( 1973 ) compared panchroma tic , black and wh i te infrared , 
and color infrared film to de termine the bes t  spectral range fo r 
de tect ing so il limi tat ion in unvege tated and spr ing whea t fields . 
The color-infrared film was found to be the mo s t  useful film in the 
detection of na tric so ils , eros ion , and we tness limi tations . 
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Frazee et al . ,  1 9 72 , used panchroma tic , black and wh i te , 
infrared , and color infrared pho tography to de termine their usefulnes s  
i n  making and upda ting so il and range surveys . General so il pat terns 
were di splayed on the panchroma tic and color-infrared photography . The 
black and wh i te infrared film had li ttle - contras t excep t for draina­
geways and depress ions tha t had mo re active ly growing vege tation . For 
rangeland soil mapping , the color infrared film correla ted mo re clos e ly 
wi th actual so il boundaries than the panchromatic or black and wh i te 
infrared films . 
The objective of this s tudy wa s  to de termine which type of pho­
tography is mo s t  ef fect ive in di s t inguishing so il di f ferences be tween 
soil series components  of complex mapping uni ts in a crop land area wi th 
several types of land cover . 
MATERIALS AND METHODS 
Data Collec tion 
Panchromatic ( 500-7 00 nm) , panch romatic ( 600-7 00 nm) , black and 
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whi te infrared ( 7 00- 900 nm) ,  and color infrared ( 500-9 00 nm) pho-
t ography were collected on May 1 1 ,  1 9 7 6  f rom an area of Turner Coun ty , 
South Dako ta . A plane , equi pped wi th four ma tched 7 0  mm Has selblad 
cameras 1 wi th a 1 5 . 2 4  em focal leng t h ,  was flown at an alt i tude of abou t 
3033 me ters . Print s  at a scale of 1 : 20 , 000 were made from the nega t ive s 
for field use . 
The panchromat ic ( 600-7 00 nm) was obtained using Kodak Plus-X 
Aerographic ( 2402 ) f i lm wi th a Wrat ten 2 5A ( red ) f ilter1 to record dom i-
na tely orange and red wave leng t hs (Eas tman Kodak Company , 1 9 7 0 , and 
Eas tman Kodak Company , 1 9 7 2 ) .  The panchroma tic ( 500-700 nm) was 
obtained using Kodak Plus-X Aerographic ( 2402 ) film wi th Wrat ten HF 3  
and HF4 ( haze )  f i l ters l to record dominately the green , ye llow ,  orange , 
and red part of the elec tromagnetic spect rum . KOdak Infrared 
Aerographic 2 424 f ilm wi th a Wrat t en 8 9B ( deep red ) f il t er1 was us ed to 
represent only the near-infrared ( 700-900 nm) portion of the spe c t rum . 
Co lor infrared ( 500-9 00 nm) was obt ained using Kodak Aerochrome 
Infrared ( 2 443 )  f ilm wi th a Wrat ten 1 5 (yellow) and CC30M ( magenta ) 
f ilters l . Green obje c t s  appear blue , red objects  appear green , and 
infrared ref lectance s  appear red in color infrared pho t ographs (Fri tz , 
1 967 ) . 
The four types of pho tographs we re vi sual ly evalua ted fo r eas e 
of recogni tion and identif icat ion of tonal di fferences be tween so il 
series wi thin mapping uni t complexe s ove r  the dominant landcove r types 
in the s tudy area . 
1Product names are given as info rma tion and do not repr e sent an endor­
sement by SDSU or the USDA-SCS . 
Study Area 
The 6 2 1  km2 test  area is si tuated be tween 43° 05 ' N ,  9 7° OO ' W  
and 4 3° 30 ' N ,  9 7° 2 5 ' W  i n  Turner County , Sou th Dako ta , U . S . A .  ( F igur e  
1 ) . Soil parent ma terials o f  the area are la te Wiscons in age glacial 
t il l  (Flint , 1 9 55 ) . 
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The dominant so il  series of the area were Molli sols (Table 1 )  
( Soil Survey Staf f , 1 9 7 5  and Soil Survey Staf f , 1982 ) .  Soil charac­
teri s t ics affec ting reflect ion of the soil series in· the study area were 
color , organic ma t ter content , drainage class , landscape po s i tion , and 
texture (Table 2 )  (Kunze , 1 9 82 ) .  
Ground Truth 
Ground tru th was collected on May 14 , 1 9 7 6  f rom a trans ect 
through the study area by F.  c.  Wes tin , South Dakota S tate Univers i ty 
and D .  M .  Heil , Soil Conserva tion Service . 
At the time that pho tography was collected , many fields had no 
land cover due to field prepara tion fo r planting . Both fal l and spr ing 
seedbed tillage operations we re common in the s tudy areas . Moi s ture 
content of the surface varied due to the time of the las t  til lage and 
the so il charac teri s tics . 
Some fie lds were cove red by crop res idue from the previ ous crop 
year . The res idue cons i s ted mo s tly of corn (Zea mays ) ,  soybean 
( Glycine max ) ,  or smal l  grain res idue . 
Alfalfa (Medicago sativa )  wa s growing vigorously on the day the 
pho tography was flown . The alfalfa ranged from 1 5  to 20 em in heigh t .  
Figure 1 .  Lo cat ion o f  the S t udy Area 
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Table 1 .  
Soil 
Be tts  
Bonil la 
Clarno 
Cros s plain 
Davi son 
E than 
Te tonka 
Worthing 
Table 2 .  
Soil 
Series 
Bet t s  
Bonilla 
Clarno 
Cros s plain 
Davison 
E than 
Tetonka 
Wor thing 
Classification of the ma jo r  so ils in the s tudy area (Soil 
Survey Staf f , 1 9 82 ) . 
Clas sification 
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fine-loamy , mixed ( calcareou s ) , me sic , Typic U s to r thent s  
fine�loamy , mixed , me sic , Pachic Haplus to lls 
fine-loamy , mixed , me sic , Typic Haplus tolls 
fine , montmorilloni tic , me sic Typic Argi aquo lls 
fine-loamy , mixed , me sic , Aquic Calcius tolls 
fine-loamy , mixed , me sic , Typic Calcius tolls 
fine , montmorilloni tic , me s ic , Argi aquic Argialbolls 
fine , montmo rilloni tic , me sic , Typic Argi aquo lls 
Soil charac teris tics affect ing spectral reflectance (Kunze ,  
1 982 ) . 
Dominant Organic Drainage Landsc ape Soil 
Munsell Colors Mat ter % Class  Po s i tion Texture 
Dr� Moi s t  
10YR 4/ 2 10YR 2/2 1 - 3 Well Shoulde r Loam 
10YR 3/ 1 10YR 2/ 1 4 - 6 Moderately Foo t slop e  Loam 
well 
10YR 3/ 1 10YR 2/ 1 2 - 4 Well Backslope Loam 
10YR 4/ 1 10YR 2/ 1 3 - 6 Somewhat Foo t slop e  Clay 
poorly loam 
10YR 4/2 10YR 3/ 2 2 - 4 Moderately Back slope Loam 
well 
10YR 4/2 10YR 3/2 1 3 Well Shoulder Loam 
10YR 4/ 1 10YR 2/1  4 - 8 Poorly Toe s  lope Silt 
loam 
10YR 3/ 1 10YR 2/ 1 4 - 8 Very Toe slop e  S ilty 
poorly clay 
loam 
7 
Pas tures in the study area are dominantly introduced cool season 
species and native wa rm season grasses . The cool season gras ses were 
three to 1 3  em tal l . The wa rm season species were dormant . Some 
· · pastur e s  were grazed . 
Other areas were planted to small grains . Oats (Arvena sativa ) , 
wheat (Triticum aes tivum) , and bar ley ( Hordeum vulgare ) are the mo s t  
common small grains grown in the area . The seedbed prepara tion 
generally cons is ted of di sking or plowing and di ski ng . The amoun t of 
c rop residue on the surface varied depending on the previous crop and 
the method of seedbed preparation . Mos t  small grain was 5 to 8 em tall . 
No Land Cover 
Areas wi th no land cove r the soils are represented by shades  
o f  gray on the panchroma tic and black and white infrared pho tograph s 
(Figure 2 ) . Soils tha t have a higher organic ma t ter content and 
mo is ture content such as Cros s plain so il in the 
C larno-Cros splain-Davi so n complex and the Bonilla so ils in the 
C larno-Bonilla complex usually we re represented by darker colors than 
the other soils in these complexe s .  Soils that have calcium carbona te 
in the surface layer such as the Davi son so ils were represented by light 
tones . Hue s in areas wi th no land cover are dominately green on the 
color infrared pho tography becaus e so ils reflect rela tive ly large 
amounts of red light . 
The tonal di f ferences among so ils were mos t eas ily recognized 
and identified using the color inf rared pho tography because so il 
ref lectance di f ferences in segments of the electromagnetic spectrum 
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F i ti u r �  2 .  So i l s and la nd cove r ma p o f  th no r t h  one- ha l f o f  e c t i o n  2 0  
T .  1 00 N . , 5 4  W ,  u s i ng eac h  t y p e  o f  pho t o g r a phy . 
Pa nch roma t ic ( 6 00-700 nm ) Pa nchroma t ic ( 500-700 nm ) 
I n f r ared 
2 4 
1 
C o l o r  inf r a red 
SOIL LEGE ND 
S ymbo l Mapping Uni t 
6 C l a r no-C r o s s pl a i n- Dav i s o n  com p l ex , 0 t o  3 
p e r c e n t  sl o p e s 
1 1  Te t o nka s i l t  loam 
1 2  Wo r t h i ng s i l t y  c la y  loam 
1 4B C l a r no- B o n i l la loams , 2 t o  6 percent sl ope s 
1 5D E t ha n-B e t t s  loams , 6 to 1 5  p e r c e n t  sl o p e s  
LAND COVE R  LEGEND 
Symbol Land Cover 
1 No Cove r 
2 Crop Re s id ue 
3 5 1 
3 Alf a l f a  
4 Pa s t ur e 
5 Sma l l  Gra i n  
F F a rm s t e ad 
- �  
1 0  
result in a greater number o f  color tones present o n  the color infrared 
pho tography than the panchromat ic or black and wh i te infrared pho­
t ogr aphy ( Table 3 ) . The ease of recogn i tion and identification of tonal 
difference among soi l  series was normal ly greater us ing the panch roma tic 
( 6. 00-700 nm) pho tography than using the panchroma tic ( 500-700 nm) or 
black and white infrared photography because contras t among so ils wa s  
greater using the panchroma tic ( 600-700 nm) pho tographs than the 
panchromatic ( 500-700 nm) or the black and white infrared pho tographs . 
Crop Residue 
Crop residue masks the so il surface due to the higher reflect ance 
or crop residue (Figure 2 ) . Crop residue does no t mask the background 
s oil pa tterns as much on the black and white infrared pho tographs as on 
the other types of pho tography . Howeve r ,  the black and wh i t e infrared 
pho tography , was the leas t  ef fective in representing tonal di f ferences 
among so ils on areas wi th no land cover (Table 3 ) . 
Recogni tion and interpretation of so il pat terns were general ly 
more di f f icult in areas cove red wi th crop res idue than in areas wi th no 
land cover . The tonal di f ferences we re mo s t  easily recogn i zed and iden­
t i f ied using the color infrared pho tography . The eas e  of recogn i tion 
and identi f ication of tonal di f fe rences be tween so ils cove r ed wi t h crop 
residue was slightly greater using the panchromatic ( 50Q-7 00 nm) or the 
black and white infrared pho tography than the panchroma tic ( 600-700 nm) 
pho tography . 
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Table 3 .  Eas e  of recogni t ion and identif ica tion of tonal di f ferences 
be tween so il series wi thin mapping uni t complexe s ove r  the 
land cover types present . t 
Panchroma tic 
600-7 00 nm 
Panchroma tic 
500-700 nm 
Black & Whi te Colo r 
Infrared Infrared 
-�------------------Mean rating-----------------------
No Cover (33 ) 1 . 5 1 . 7 
Crop Res idue ( 2 3 )  3 . 0 2 . 6 
Alfalfa  ( 23 )  2 . 9 3 . 0 
Pas ture ( 20 )  3 . 0  3 . 2 
Small Grain ( 27 )  2 . 2  2 . 3 
Ra ting Guide 
1 - Easily recognizable and identi fiable . 
2 - Recognizable and id ent if iable . 
2 . 6 
2 . 7 
3 . 7 
3 . 9 
3 . 1  
3 - Recognizable and identi f iable wi th di f ficulty . 
4 - Recogni tion and identi f ication uncertain . 
1 . 0 
1 . 9 
2 . 8 
2 . 9 
1 . 8 
tNumber in parenthesis  ref ers to the number of ratings  in that  me an .  
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Al falfa and Pas ture 
Tones on the aerial phot ography in areas wi th growing alf alf a 
- and pas ture are a result of the reflect ion of light from the crop canopy 
in · the waveleng ths de tected by each type of film (F igure 2 ) . Dark 
colors on photography sensi tive to light in the vi sible po r t ion of the 
s pectrum are a result of abso rp tion by chlorophyll in the vi sib le par t  
o f  the spectrum ( Gates e t  al . ,  1 9 6 5 ) .  The panchroma tic ( 60D-7 00 nm) 
photography has darker colors fo r the same so ils wi th growing alf alf a  
than the panchroma tic ( 500-700 nm) due t o  the stronger abs o rp t ion in the 
red part of the spectrum and than in the green par t of the spect rum . 
Soils wi th mo re ac tive ly growing vege ta tion such as the Cros s plain so ils 
in the Clarno-Cros splain-Davi son complex are repre-s ented on the 
panchroma tic pho tography as darke r tones than so ils wi th les s  active ly 
growing vege tation such as on the Clarno and Davi son soil s . Soils wi th 
act ively growing alfalfa or pas tur e are represented by a lighter tones 
on the black and whi te inf rared pho tography than so ils wi th alf alf a or 
pas ture under mo re stres s due to ref lectance of near infrared radiation 
by act ively growing vege ta tion (Ga tes et al . ,  1 9 65 ) .  So il s wi th act i­
vely growing alfalfa or pas ture appear more red on the color infrared 
pho tography than so ils wi th these crop s unde r mo re stres s . The reddi sh 
colors on the color infrared pho tograhy are a result of high ref lect ion 
of near-infrared radiation (Fritz , 1 9 6 7 ) .  
Recognit ion and identif ication of so il pa t terns in areas of 
growing alfalfa or pas tur e wa s  mo re di f f icult on so ils growing alf alfa 
or pas ture than in areas of so ils  cove red wi th crop residue or wi th no 
1 3  
land cover (Table 3 ) . The panchroma tic ( 600-700 nm) ,  the panchroma tic 
( SOQ-700 nm) , and the color inf rared pho tography appeared to be mo re 
useful than the black and white infrared photography in the recogn i t ion 
· and ident if ica tion of tonal di f ferences be tween soil serie s  wi thin 
mapping uni t complexe s in areas of growing alfalfa and pas tur e . The 
black and white infrared pho tographs had li ttle contras t among so ils . 
The color infrared pho tography was slightly more useful in identifying 
soil pa t terns than the panchroma tic (60Q-700 nm) or the panchroma tic 
( SOQ-700 nm) pho tographs due to the grea ter number of color tones 
represented on the color inf rared pho tography . 
Small Grain 
Soils wi th growing small grain had slightly darker tone than the 
s ame so ils wi th no land cove r on the panchroma tic phot ography due to 
absorp tion (Figure 2 )  by chlorophyll in the vi s ible po r t ion of the 
s pec trum . On the color infrared pho tographs so ils wi th growing 
small grain appear similar to areas of crop res idue . This may be due 
partial ly to crop res idue normally lef t  on the surface When planting 
small grain . The light red color due to grea ter reflectance in the 
near-infrared po rtion of the spectrum in areas of the Cros s plain so il of 
small grain on the Cros s plain so il than on the Clarno and Davi son so ils . 
The color infrared wa s  mo s t useful in recogni tion and iden­
t ificat ion of tonal di fferences among so il series in fields planted to 
small grain (Table 3 ) . The panchroma tic ( 600-700 nm) and panchroma tic 
( 5 00-700 nm) were slightly les s  useful than the color infrared pho­
tographs in the recognition and identi fication of soil pa t terns . 
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Recogn i tion and identificatin of so ils wi th growing small grain wa s  
difficult t o  uncer tain using the black and white infrared pho tography . 
The color infrared pho tography wa s  mo re useful than the other three 
type s of pho tography due to repr esentation of so il and plant reflec­
tance di fference of segments of the electromagne tic spectrum as di f­
ferent hues , value s , and chromas resul t ing in a greater number of color 
tones . 
CONCLUS IONS 
Panchromatic ( 60D-700 nm) , panchroma tic ( 500-700 nm) , black and 
whi te infrared and color infrared photographs were compared to evalua te 
their usefulnes s in di s t ingui shing tonal di fferences be tween so il series 
component s  of complex mapping uni ts . 
The color infrared pho tography mo s �  clearly emphasized tonal 
dif ferences among the so il serie s  compo nent s  of complex mapping un i t s  
ove r  the land cover types tes ted due to incorporaton of the reflectance 
information from thr ee segments of the spectrum as separate color codes 
on one pho tograph . 
Color infrared pho tography would be useful in improvi ng so il 
mapping quali ty due to greater tonal contras t among so il series on the 
co lor infrared pho tography than on the panchroma tic or black and whi te 
infrared pho tography . Colo r infrared pho tography would als o  be mo s t 
useful in de termining the compo s i tion of complex mapping un i t s  ove r a 
variety of land cove r types . 
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